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Ir is now pretty well established that the visibie surface of 
the sun is a gaseous envelope called “the chromosphere ;” 
mainly composed of incandescent hydrogen gas, with which are 
occasionally associated some metallic vapors, usually occupyin 
the lower strata. To all appearances, the granulations called 
“rice grains,” the facule and the protuberances, are phenomena 
belonging to the chromosphere; in fact they are the chromo- 
sphere itself seen under the particular forms and aspects pecu- 
har to it. Ordinarily this envelope has a thickness of 10” or 
15”. This thickness, however, is by no means constant, vary- 
ing from day to day within certain narrow limits. 

At no time since I have observed the sun have I seen the 
chromosphere so thin and shallow as during the present year, 
and especially between June 10 and August 18. I had before 
quite often observed local depressions and upheavals of the 
chromosphere, sometimes extending over large surfaces, but I 
had never before observed such a general subsidence. 

So thin was the chromosphere during this period that it was 
sometimes very difficult to obtain its spectrum by placing the 
slit of the spectroscope tangent to the limb of the sun. This 
was especially the case on the afternoon of August 9. 

This unusual thinness of the chromosphere could be easil 
recognized without the assistance of the spectroscope. Indeed, 
the phenomenon was even more interesting seen through the 
telescope, as, with it, the structure of the photosphere, lying as 

* From the Proceedings of the American Academy. 
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it does under the envelope of the chromosphere, could be better 
seen through the thin veil formed by the greatly attenuated 
chromospheric gases. 

That the gases forming the chromosphere are sometimes thin 
enough to become transparent is a phenomenon which I have 
observed hundreds of times; as is abundantly proved by the 
numerous drawings of protuberances which I have made at the 
Harvard College Observatory, in which the limb of the sun is 
seen through the base of the protuberances in front of it. In 
plate X, figure 8, there occurs a very striking instance, where 
two small prominences are seen through a large protuberance 
nearer the observer. 

During this period of general subsidence, the granulations 
appeared to be smaller and farther apart than usual, and conse- 
quently the light-gray colored background upon which they are 
seen projected was more distinct, as it occupied more space than 
formerly. During this period, the light-giving element would 
as to have been less than usual. 

am not aware that the phenomena of which I shall speak 
in this communication have been before observed; but I can- 
not speak positively on this point, owing perhaps to the some- 
what confused nomenclature of solar physics. 

Ever since I have observed the sun with instruments of a 
large aperture, I have noticed that the light-gray colored back- 
ground seen between the granulations is by no means uniform, 
as it is generally stated to be. On the contrary it is greatly 
and strikingly diversified. Aside from the very small black 
dots called “pores,” patches of a darker gray are irregularly 
distributed all over the surface of the sun. But partly owing 
to the effect of perspective, and partly on account of the thicker 
strata of the chromospheric gases through which they are neces- 
sarily seen near the limb, they disappear gradually as they ap- 
proach the border. 

These dark spots have been so remarkable during the present 
year, and so conspicuous during the period of the greatest sub- 
sidence of the chromosphere, that I have availed myself of 
every favorable opportunity to study them. So strongly were 
they marked that when one had passed the field of view, it 
could be easily found again among many others, even after the 
lapse of several hours. Of the most striking and complicated, I 
have made sketches. 

In order to be able to count how many of these gray spots 
could be seen in different heliographic latitudes, and also to 
estimate their area with respect to the whole surface of the 
sun, Mr. W. A. Rogers, assistant at the Harvard College 
Observatory, kindly ruled for me on glass a reticule of 
small squares. Though the problem is apparently a simple 
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one, it nevertheless presented many difficulties; partly owing to 
the minuteness and delicacy of these objects, partly on account 
of the unsteadiness of the atmosphere, and partly to the many 
defects caused by the great amount of heat concentrated at 
the focus of the objective. However, the observations show 
clearly that though the number of gray spots varies but very 
little in different latitudes, in general the spots become larger 
and more complicated as they approach the equatorial zones. 

The most marked characteristic of the gray spots is their 
vagueness of outline. They are never sharply defined like 
ordinary spots, but they appear blurred and diffused like an 
object seen through a mist. As I shall endeavor to show 
presently, these objects are really seen through chromospheric 
gases which are spread as a veil over them, causing this vague- 
ness of outline. For this reason, I propose for them the name 
of Veiled Solar Spots. 

The veiled solar spots, especially in the lower latitudes, have 
a remarkable tendency to assemble into small groups after the 
manner of ordinary spots. Sometimes three or four are seen in 
contact, while there are comparatively large intervals where 
none are to be seen. I have in several instances seen the 
actual formation into groups of distinct veiled spots. 

The granulations of the chromosphere are seen projected 
upon the veiled spots, just as anywhere else, but they are not 
there so regularly distributed; some being closely crowded 
together, while others are widely scattered. Small facule are 
often formed in this manner by the aggregation of several 
granules into one mass. Once in a while the granulations 
appear as if they were under the power of a propelling force by 
which they arrange themselves in files, and sometimes in 
capricious figures which are very remarkable. 

In many cases I have observed that the granulations pro- 
jected upon the veiled spots have an extraordinary mobility, 
to be seen nowhere else, except perhaps in the immediate 
vicinity of ordinary spots in full activity. Often their form and 
position are totally changed within a few minutes, and some- 
times even within a few seconds. This was especially the case 
June 21. At 8» 30™ on that day, I was observing a group of 
veiled spots not far from the center of the sun, when my atten- 
tion was drawn to the extraordinary mobility of the granulations 
covering this group. In an instant they changed their form 
and position, some crowding together as though briskly attract- 
ing each other, while others would fly apart as if repelled by 
an invisible force. Under this tumultuous conflict of forces, 
new veiled spots would appear and disappear in an instant, 
faculee would form and vanish ; in fact, all was in motion and 
confusion on that particular part of the sun. It was evident 
that immense forces were in conflict under the chromosphere, 
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At 25 0™ Pp. M., on the same day, several small black spots 
had opened through the chromosphere upon the group of veiled 
spots observed in the morning. At 8 0™ on the following 
morning, the group of small black spots was considerably 
increased, having quite a large spot on the preceding side, 
followed by twelve or fifteen smaller ones. On June 24, this 
group had attained to its maximum size. It was then very 
large and complicated. In fact, it was the largest group of sun 
spots observed thus far during the present year. 

On August 8, I noticed a group of veiled spots a little south 
of the sun’s center. The following morning at 7" 0™, there 
was at the same place a small group of half a dozen black spots 
disposed in a crescent shape. At 24 0™ p, m., the black spots 
had vanished, but the veiled spots still remained, having 
retained the characteristic crescent form of the black spots and 
many other details observed in the morning; and, as a proof 
that the chromosphere covered this spot, the granulations could 
be plainly seen upon the whole, indicating clearly that this spot was 
seen through the veil of the chromospheric gases. 

On August 24, the same phenomenon took place. Just fol- 
lowing the principal spot of the only group then to be seen on 
the surface of the sun, there was a fine group of veiled spots. 
The following day some black spots had made their appearance 
upon them. On August 27, the black spots had vanished, but 
in their place the veiled spots seen at first still remained, and 
they continued to be seen there for several days. 

To all appearances, the black spots which I had seen dis- 
appear under the chromospheric gases, and which continued as 
veiled spots, were exactly alike and undistinguishable from the 
many other veiled spots scattered all over the sun; and, had I 
not seen the opening of the photosphere, with the black spots, 
I could not have had any idea of the true nature of the veiled 
spots. 

So far, I have only spoken of veiled spots observed in the 
zones where the ordinary sun spots usually make their appear- 
ance ; but, as I have said, the veiled spots are scattered all over 
the surface of the sun. 

During this period, I had many occasions to observe very 
remarkable and characteristic veiled spots in very high helio- 
graphic latitudes north and south. On July 15, within a few 
degrees of the north pole of the sun, I observed a remarkable 
veiled spot, unusually large and dark. Upon it were several 
bright slender faculz projected in crest shape to very high 
altitudes. These facule appeared to be precisely like those 
observed in lower latitudes near ordinary sun spots. Upon this 
veiled spot could unmistakably be seen a small black spot, not 
a pore ; a real opening of both chromosphere and photosphere. 
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On August 9, I ohserved another remarkable veiled spot 
within about 10° from the north pole, and upon it could be 
seen three small black spots. 

On August 13, at 115 0™, I observed a very dark veiled spot 
within 6° or 8° from the north pole. It had upon it a group of 
small facule, so characteristic of the spots of lower latitudes. 
At 45 30™ in the afternoon, this veiled spot was still darker, 
and upon it, near a facula, a pretty large black spot was visible. 

On August 24, I observed a remarkable veiled spot at about 
75° south latitude. 

On September 6, another large group of veiled spots was seen 
within 10° or 15° of the north pole. At 10" 20", some faculse 
had formed upon it, and two black spots were distinctly visible. 
At 5" 0" in the afternoon, this group was still visible. 

On September 8, within a few degrees of the north pole, I 
observed a fine group of two veiled spots, unusually dark and 
large, and near one of these spots there was a pretty large and 
bright facula. Ten minutes later the dark veiled spots had 
vanished, leaving in their place some bright facule. One 
minute later the veiled spots began to reappear, but under 
another form, to disappear again the next moment. 

A little southwest from this last group, but in the same field 
of view, was another group of veiled spots apparently in full 
activity. Upon it three or four black spots were visible for 
some seconds. Upon these veiled spots the granulation had 
an extraordinary mobility; so much so, that I expected at 
every moment to see a large spot make its appearance, but in 
less than a minute the veiled spots and the black spots had 
both vanished, and in their place were formed in an instant, 
some very bright facule. 

To all appearances, the veiled spots seen in high latitudes 
differ but very little from the ordinary sun spots of the lower 
latitudes, except in regard to magnitude and activity. The 
difference seems particularly to be that, in the first, the umbra, 
instead of being freed from the gases and vapors, is partly or 
wholly choked with them; while, besides, the chromosphere 
covers it. The forces which open the photosphere in high 
latitudes, it would seem, have not sufficient energy to repel or 
dissolve the chromospheric gases; or, if they have, it is in a 
very feeble degree, but, even then, the phenomenon is generally 
of short duration. 

Though I had no means of making accurate measurements of 
the positions of the spots seen in high latitudes, the error of my 
estimation cannot be very great. In any case a few degrees 
would certainly cover it, and it remains a fact that I have ob- 
served spots at least within 10° of the north pole of the sun. 
The importance of this observation will appear when it is stated 
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that very few spots have been observed outside of the zones 
lying 40° on either side of the equator. I know of but two 
instances on record in which spots have been observed beyond 
this limit. La Hire observed a spot 70° from the equator, and 
more recently, in the month of June, 1846, Dr. C. H. F. Peters 
observed at Naples a spot 50° from the equator. 

It is further to be remarked that according to the conclusions 
of the English observers, the solar spots attain higher latitudes 
during the years of the maximum number of spots, and recede 
more and more towards the equator as the minimun is ap- 
proaching ; and it is to be noted that the present year is pre- 
cisely, or at least very nearly, a minimum year. It is doubtless 
owing to the unusual thinness of the chromosphere during 
this period that spots have been observed in so high latitudes 
this year. It is true that the spots were small, but, neverthe- 
less, they were genuine spots, with all the characteristics of 
larger spots. 

It is difficult for one who has seen the phenomena which I 
have described, to come to any other conclusion than this: that 
the veiled spots are breaks or true openings in the photosphere, 
seen through the imperfectly transparent gases composing the 
chromosphere, openings themselves partly or wholly filled by 
the vapors ejected by the forces from the interior of the photo- 
sphere. If this hypothesis should prove to be the expression 
of a fact, then we should expect to find that the photosphere is 
perforated by thousands of crevasses either partly or entirely 
filled with the vapors and gases from the interior, which cannot 
be ejected outside for want of sufficient energy, save for a com- 
paratively very small number situated in the equatorial zones, 
where this energy appears maximum, and is able to repel and 
dissolve the gases from the interior. 

Before the observations of this year, I had arrived at pre- 
cisely the same conclusions in regard to the opening of the pho- 
tosphere in all latitudes, and to the existence of invisible spots 
concealed by the chromosphere. These conclusions were derived 
from my observations with the spectroscope, made at Harvard 
College observatory during a period of thirty-five months. A 
discussion of these observations is reserved for a future com- 
munication. 

Though one can hardly form a settled opinion with regard to 
the cause of the general depression of the chromosphere, on 
account of the imperfect data, it seems natural, however, to sup- 
pose that the phenomenon is connected in some way with the 
minimum period of sun spots. Judging by the great number 
of veiled spots observed, and by the myriads of pores seen 
between the granulations, it would seem that both the chromo- 
sphere and photosphere have been much thinner than usual 
during the present year. 
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If there are breaks in the photosphere at many points of the 
surface of the sun, it becomes easy to account for the unusual 
thinness of the chromosphere this year, because as observed by 
myself and others, at certain phases of the spots, the chromo- 
spheric gases, rushing with impetuosity into the umbra, go 
down under the photosphere like gigantic waterfalls, diminish- 
ing consequently the thickness of the chromosphere. That 
this takes place I shall give ample proof in another communica- 
tion. 

It seems evident that the chromosphere near a spot is kept 
from falling into the opening by a force from the interior. As 
soon as this force decreases in energy, immediately the chro- 
mosphere tends to cover it, and even to precipitate itself 
through the opening when this force becomes extinct. The 
observations show this plainly. 

When a spot is decreasing, it is quite common to observe 
that the umbra and penumbra appear as if they were seen 
through a heavy fall of snow, their surfaces being covered by 
numerous bright flocculent granulations surrounded by a kind 
of bluish fog. In a few instances of very rare definition, I have 
been surprised to see faint traces of this flocculent appearance 
upon almost all the spots; indeed it would seem that the spots 
are rarely free from some faint traces of the chromospheric 
gases. Probably the bright floceulent objects observed upon 
the umbra and penumbra of spots, are the granulations of 
the chromosphere dissolved to a greater or less degree by the 
forces emanating from the spots. 

Perhaps it may not be idle to remark that, during the period 
mentioned, I have almost every day observed small groups of 
facule in the polar regions. especially near the north pole of 
the sun; while, for the most part, they have been “entirely 
absent from the equatorial regions, where they are commonly 
found. 

To conclude, my observations show : 

1. That during this year, and especially during the interval 
from June 10 to August 18, and to a less degree to September 
14, the chromosphere has been notably thinner than usual upon 
the entire surface of the sun. 

2. That the granulations have been smaller and less nu- 
merous. 

8. That the light-gray colored background seen between the 
granules has been more conspicuous and has occupied more 
space than usual. 

4. That there are spots, which I have named “ veiled spots,” 
which are seen through the chromospherewhich is spread over 
them like a veil. 

5. That these veiled spots are true openings of the photo- 
sphere, like those of the ordinary spots. 
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6. That during this period these spots have been larger, 
darker, and more numerous than I have before seen them. 

7. That the veiled spots are scattered throughout all lati- 
tudes, though more complicated in the regions where the ordi- 
nary spots make their appearance. 

8. That I have observed spots at least within 10° of the north 
pole of the sun. 

9. That the flocculent objects sometimes seen projected upon 
the umbra and penumbra of spots are the remaining portion of 
the granulations composing the chromosphere, more or less dis- 
solved by the forces emanating from the interior of the photo- 
sphere. 

Cambridge, October 1, 1875. 


ArT. XX.— Un the structure of Obolella chromatica ; by E. 
BILLINGs, F.G.S. 


THE genus Obolella was founded in 1861,* on the following 
three species of Brachiopoda: 

1. O. chromatica, discovered by J. Richardson in 1861, at a 
place called “L'’Anse au Loup,” on the north shore of the 
Straits of Belle Isle, in Labrador. 

2. O. crassa Hall, from Troy, in the State of New York. 

3. O. polita Hall, from Wisconsin. 

Figs. 1, 2.—Ventral valves. The beak 
is not seen in either of the specimens. 

Fig. 3.—Diagram showing the posi- 
tion of the scars in the dorsal valves. 
All these figures are enlarged about 24 
diameters. 


The specimens exhibited the internal characters very imper- 
fectly, yet enough was seen to convince me that the genus was 
a new one. During the fourteen years that have elapsed, I 
have received a number of letters, from both American and 
European authors, inquiring for more complete details of the 
structure of O. chromatica, which has always been considered 
to be the type. This information I was unable to give, for 
want of the facts. We are now in possession of specimens 
showing the interiors of both valves, almost completely. The 
following are the characters as nearly as they can be made out: 

In the ventral valve there is a groove in the hinge line, for 
the passage of the pedicel. On each side of the groove there is 
a small, somewhat deeply excavated cardinal sear. In the 
cavity of the valve there are two elongated scars, which extend 


* Geology of Canada, Palzozoic Fossils, vol, i, p. 7, 1861. 
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from near the cardinal scars forward about two-thirds of the 
length of the shell. These diverge from each other, more or 
less, in their extension forward, and are usually curved but 
sometimes nearly straight. They may be called laterals. 
They are, in general, separated from each other about one-third 
of the width of the shell. A little above the mid-length, and 
between the two laterals, there is a pair of small scars arranged 
transversely, with their inner extremities directed somewhat 
forward. ‘The space above these two scars, between the upper 
portion of the laterals, is generally tumid from the thickening 
of the shell. In one of the specimens there is a small pit in the 
center of this space. 

The dorsal valve has a small area, or nearly flat hinge facet. 
The minute beak is slightly incurved over the edge of the area. 
Beneath the beak there is a small sub-angular ridge, on each 
side of which there is a cardinal ? scar. The elongated scars, 
which seem to correspond to the laterals of the ventral valve, 
are here altogether in the upper half of the shell. ‘They 
diverge widely in their extension forward. They are in general 
very slightly impressed, and would, most probably, escape the 
observation of any one who did not expect to find scars where 
they are situated. In the cavity of the valve there is a low 
rounded median ridge. which extends from a point near the 
hinge line forward a little below the mid-length of the valve. 
About the middle of the shell there are two small scars. These 
are usually striated longitudinally. The median ridge passes 
between them. The area is coarsely striated. 

The above are the principal characters of this species, and 
they are subject to some variations, one of which is particularly 
worthy of notice. The two small cardinal scars of the dorsal 
valve are sometimes elongated laterally. This is carried to 
such an extent in another species (O. gemma) that they not 
only extend the whole length of the hinge-line, but are curved 
forward at their outer extremities and continued down into the 
cavity of the valve. In such cases they present an appearance 
similar to that of the groove beneath the hinge-line of the genus 
Obolellina. In other species of this genus the lateral scars of 
the dorsal valve are sometimes connected together by their 
upper extremities. But this is not a constant character. In 
different individuals, of the same species, these scars are either 
connected or not. The laterals are also sometimes connected 
with the cardinals. 

The following are the original figures published in the Pale- 
ozoic Fossils, p. 7, (1861): 

3 ea Fig. 4, a, Ventral valve; dorsal ; ¢, interior of 
ventral valve, showing the muscular impression; d, out- 

Ss © A) ( line on a side view, restored from detached valves. 

Natural size. 
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In the description it is said: ‘“ Muscular impressions in the 
ventral valve, four; one pair in front of the beak, near the mid- 
dle or in the upper half of the shell.” The pair here alluded to 
are the laterals. Their upper and lower extremities are some- 
times not visible, and what remains occupies the middle por- 
tion of the length of the shell. The expression “or in the 
upper half,” I can thus explain: I had the dorsal valve of 
O. crassa, from Troy, which I then supposed to be a ventral 
valve. In this the laterals are in the “upper half.” The trans- 
verse scars were not then observed and hence four scars instead 
of six. It must be borne in mind that fourteen years ago noth- 
ing was known of the internal characters of these shells. The 
materials were imperfect and consequently so was the descrip- 
tion. It is now certain that the genus is a good one and that 
all of the three species on which it was founded belonged to it. 

The described species which I consider to be truly within the 
genus are: O. chromatica, O. polita, O. crassa, O. nana, and O. 
gemma. They all, so far as is yet known, are confined to the 
Potsdam Epoch. A number of other species have been referred 
to the genus, but they are all more or less doubtful. 

The specimens which have furnished the above additional 
details of the structure of O. chromatica were collected at 
L’Anse au Loup, the only place where the species has been 


found, in 1863, by T. C. Weston of our Survey, and by him 
very skilfully worked out of the matrix. 


Art. XXI—On the Damming of Streams by drift ice during the 
melting of the great Glacier ; by J. D. DANA. 


WHEN treating of the overflows of the flooded Connecticut, 
in the Supplementary December Number of this Journal, (p. 
497,) I suggested, in view of the fact that the terraces in the 
Farmington Valley about Tarifville and Simsbury are at least 
50 feet higher than those a mile eastward in the parallel Con- 
necticut valley—that the gorge through the Divide Range, by 
which the Farmington river there passes into the Connecticut 
valley, had been closed by drift and so remained until the flood 
had reached its height. 

[allude to this subject again to add that the events connected 
with the opening, in the Spring, of many of our modern ice- 
covered streams afford abundant reason for believing that, 
during the breaking up of the long Glacial winter, when the 
melting was going forward, the gaps, gorges or narrows, along 
the river courses, would have been liable to obstruction by 
floating ice. 
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(a) Such obstructions would have been of all grades, from 
that which could simply impede the free flow of the waters, to 
the nearly perfect dam. 

() The obstructions in particular cases might have existed 
for a very long era, instead of for a few weeks such as hap- 
pens after a modern winter. 

(c) Again, the slackened or suspended flow of the water, 
caused by such ice-obstructions, would have favored the depo- 
sition and accumulation about them of drift, and some may 
have thus been converted into complete dams. This process 
might occasionally have wholly filled with earthy material a 
gorge or narrow valley, so as to block up and divert the course 
of the stream.—The well-known case of Niagara River may be 
an example of this. 

In view of these possible results, or rather these probable con- 
ditions of many river-valleys in the era of the Glacial flood, we 
are required to consider whether the height of the upper terraces 
above the narrows on the several rivers,—the Thames below 
Norwich, the Connecticut below Middletown, the Housatonic 
below Derby, Westfield River below Westfield, and Farmington 
River east of Tarifville—was not partly owing, in each case, to 
the existence of ice-obstructions at the narrows. 

It seems to be very probable that this was so. The height of 
modern spring floods in the Connecticut at Middletown and 
Hartford is now often due in part to this very cause. 

It appears to be certain, that if such obstructions existed in 
the Thames, Connecticut and Housatonic valleys, they were 
only partial obstructions ; for, in the case of each, the terrace of 
the valley below the narrows declines quite gradually in height 
from the level above the narrows, instead of abruptly. Had 
the waters been held back, up to the height of the high upper 
terrace, by a close dam, they would have fallen over the dam 
with a plunge to a lower level; and this abrupt fall would have 
been registered by means of an abrupt fall in the level of the 
terrace. Instead of this, the terrrace on passing the narrows 
southward falls off at a rate not exceeding 10 feet a mile, vary- 
ing in rate only with the varying width of the valley: a fact 
that seems to testify to the vastness of the flood as its cause, 
and not mainly to obstructions. Moreover, the material of the 
terraces below the narrows is like that above: the same in the 
arene of sands below and coarse gravel at top,—though 

aving the latter of greater coarseness because of the more 
rapid flow of the stream along a narrower valley. 

Further evidence with reterence to the existence of such ice- 
barriers is to be looked for in a distribution of gravel and large 
bowlders across the valley just above the gorge or narrows, where 
the ice-masses had been brought to a stop and piled together; 
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for much of the floating ice would have been loaded with 
bowlders. I have as yet “observed no satisfactory evidence of 
this kind, but think the question needs more investigation. 
Even if this evidence fails, we can hardly assert that no aid was 
afforded by ice in producing the great height of the flood-waters 
above the narrows, or doubt that ice-barriers made of drift ice 
had much to do with the height and extent of the upper ter- 
races in portions of many other valleys. 

There are two questions which should have here a word. 

1. May not the obstructions or dams have been made by the 
Glacier itself? On this point we observe that the extent of the 
terrace formations along the valleys,—sometimes a score of 
miles in width even in New England—show that water swept in 
immense streams over the surface ; and thus they seem to prove 
that the glacier was already out of the lower part of the valleys, 
and hence too far away to have obstructed the flow except 
through the pieces set afloat by its dissolution. 

2. Were not the dams due to rocky barriers at the narrows, or to 
the non-excavation of the valley from the narrows southward? The 
features of the region about the narrows on each of the rivers 
mentioned, and of the valleys below, suggest decidedly that 
the valleys had nearly the same depth and extent then as now. 
The gradual decline in the height of the terrace on going from 
the narrows southward to the Sound shows that all was one 
valley, the part above the narrows and its continuation below. 
The terraces below the narrows, moreover, are built up in gen- 
eral from the present bottom of the valley, or from a lower depth, 
and this points to a depth for the valley as great as now or 
greater. It cannot be urged that the lower portions of the ter- 
races were made after the upper. Wherever the hills on one 
side, at the narrows, retreat so as to give a chance for high ter- 
race deposits, there these deposits are usually found, and some- 
times the beds rise abruptly from the water’s edge to the level 
of the highest terrace; and on the Connecticut, in a place of 
this kind above Middle Haddam, the bottom layers are of clay— 
like the lower layers in much of the stratified drift on the river. 

In fact, the conditions of the terrace deposits of the valley, as 
well as the features of the valley itself, are explicable only on 
the view that the part of each valley below the narrows, like 
the rest of it, the narrows included, had been made before the 
Champlain period opened. The Glacial period was the era of 
valley excavation rather than the Champlain period. 
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Art. XXIL—Sliding Friction on an Inclined Plane; by A. S. 
KIMBALL, Professor of Physics in the Worcester (Mass.) 
Institute of Industrial Science. 


THE following investigation was undertaken with a desire to 
demonstrate, if possible, by a laboratory experiment, that the 
law which affirms that the coefficient of sliding friction is con- 
stant for all velocities is not strictly true. 

Our results seem to establish the point, at least in the case 
of bodies sliding down an inclined plane. I am aware that the 
truth of this law has been questioned; indeed the opinion of 
very many practical mechanics is directly opposed to it. Long 
ago Prof. Playfair remarked, as the result of some observations 
made at the slide of Alpnach, that it would appear that friction 
is neither proportioned to the pressure nor independent of the 
velocity. Later observations made at the launching of the 
Raritan and the Princeton (Jour. Frank. Inst., 3d, VII, 108) 
showed that the coefficient of friction just before the vessel left 
the ways was much less than during the first five seconds of its 
motion. More recent still are the experiments of M. Bochet 
(Comptes Rendus, April 26, 1858,) upon the friction of railway 
carriages and brakes, which point to the same conclusion; in- 
deed the author goes so far as to give the form of the function 
which expresses the variation of the coefficient of friction with 
the velocity, and gives approximate values to its constants for 
the case of railway trains. His formula is copied by Weisbach 
with a caution. 

Opposed to these views are the careful experiments of 
Coulomb and Morin, upon which the statements of our text- 
books are founded. 

The apparatus used in ourexperiments was simple, but it seems 
capable of giving very sharp and reliable results. A smooth 
pine plank 10’x12’”’x2” was firmly placed at a measured angle 
with the horizon and supported throughout by stout beams. 
Upon this plank was a weight box with pine runners, having a 
bearing surface of 24 square inches. The cover of the box was 
about six feet in length, and upon it were placed slips of smoked 
glass. Firmly fixed above the glass, to an independent sup- 
port, was a verified tuning fork of 485 complete vibrations per 
second, carrying a style which lightly touched the glass surface 
beneath it. The weight box was supported in position at the 
upper end of the inclined plane by a cord fastened to a screw 
which served to give the box a very slow upward motion. At 
the proper time the screw was turned, the fork vibrated, the 
cord cut or burned off, and the box allowed to slide to the bot- 
tom of the plane. The style of the fork at the same time 
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would trace upon the smoked glass a waved line, which would 
be a perfect autographic register of the experiment. The time 
of Pa ag the velocity at any point, the distance passed over 
in any unit of time, could all be measured or counted directly 
from the smoked glass. 

The graphical method of working up the experiment was 
employed, as follows: The bottom of a sheet of section paper 
was made a “time line” (71; of asec.= a unit). At various 
points on this line the corresponding velocities were erected as 
ordinates. The equation of a line connecting the upper ex- 
tremities of these ordinates would express the law of the motion 
studied. 

It is evident that this line would have been straight if the 
acceleration of the slide had been uniform, like that of a body 
falling in vacuo. If, however, a variable resistance be opposed 
to the motion of the slide, the acceleration will no longer be 
uniform, and the line will become curved, concave toward the 
axis of abscissas, if the resistance is increasing, convex if the 
resistance diminishes. The acceleration of such a motion at any 
time will be proportional to the tangent of the angle which the 
direction of the curve at that point makes with the time line. It 
is also evident that such acceleration may at once be measured 
from the paper, since it is the difference between the velocities 
for two successive units of time. The curve constructed as 
above, from every experiment made, was decidedly convex 
toward the time line, showing a constantly decreasing resistance 
to the motion of the slide as the velocity increased. If we 
assume that this increase in acceleration was due to a dimin- 
ished coefficient of friction, the value of the coefficient for any 
time may be found in the following manner: 

Let a, 6, and h= the altitude, base, and length of the inclined 
lane. 
W= weight of the slide and contents. 


W’= normal pressure on the plane, = W 5 


g= acceleration of a body falling freely. 
theoretical acceleration of the slide =g. 
g’ = the observed acceleration at any time. 
Then the resistance of friction = /'= 0-9’) and the co- 
F gj-g Ah (5 


efficient of friction= g= y= 
tangent of inclination 


The following tables give the results obtained from a series 
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of four experiments. The load in every case was 40 lbs. The 
inclinations of the plane were as follows: No. 1 =15° 6’, No. 
2 =16° 9’, No. 3 =17° 5’, No. 4 =18° 9”. 

Table A shows the accelerations corresponding to different 
velocities in the four experiments. The units used are the 


ros; Of an inch and the ;!, of a second. 


TABLE A 
Velocities. Accelerations. 
Expt. 1. 
"035 
*044 
059 
"065 
073 
‘078 
‘083 
‘087 
‘091 
093 
"095 


136 175 


Table B shows the coefficients of friction in each experiment, 
deduced by substituting the observed accelerations given in 
Table A in the formula given above. The observed accelera- 
tions were of course reduced to feet in a second. 


TABLE B. 

Velocities. Coefficients of friction. 

Expt. 1. 2. 

*260 273 

"252 

"254 

"243 

*240 

"242 

"232 

"226 *228 

"224 

*223 *224 

"222 
*222 *220 
*220 217 


From the tables it will be observed: 1st. That with a given 
inclination of the plane, the coefficient of friction decreases as 


4, 
3 "092 
0 “112 
3 
2 *140 
0 *150 
1 °165 
0 176 
8 "184 
6 "190 
9 *196 
3 ‘200 
8 

110 133 *206 
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the velocity increases, rapidly at first but more slowly after- 
ward. 2d. With the same velocity, the coefficient of friction 
is greater the greater the inclination of the plane, within the 
limits of the experiments. 8d. The coefficient of friction in 
each experiment tends toward a constant quantity. 4th. This 
constant seems to be the same in each experiment. 

No simple expression which will show the variations in the 
coefficient of friction has yet been found; indeed, I have not 
thought best to attempt to formulate the work till certain 
errors, which will be referred to, have been corrected. It was 
found impossible to procure a plank with a perfectly uniform 
surface. ‘he one used in the experiments given showed at 
the same inclination and velocity a coefficient which slightly 
but regularly increased from one end to the other. The end 
which gave the lower coefficient was placed uppermost. The 
obvious result of this was to make the coefficients in Table B 
at high velocities greater than they otherwise would have been. 
This fact also explains the apparent anomaly in columns 3 and 
4 of the same table, where the coefficients at high velocities 
are seen to fall below the corresponding coefficients in col- 
umn 2. 

In experiment 4 the slide had the velocity 120 at a distance 
of 40 inches from the upper end of the plane; in experiment 2 
it did not acquire that velocity until it had passed over a dis- 
tance of 60 inches, and consequently was on a rougher portion 
of the plane. The uniformity of the plane was tested by start- 
ing the slide at different points along its length, and comparing 
the curves on the smoked glass. These experiments have not 
been corrected for the resistance of the atmosphere. The 
effect of such a correction would be to diminish still more the 
coefficients at high velocities. 

As the inclination of the plane increases the normal pressure 
decreases. Thinking that this change of pressure might explain 
a part of the difference due to a change of inclinations, we 
made three experiments at the same inclination, with weights 
of 18, 80 and 140 lbs., in the box. At the end of one second 
we found the velocities in the three cases to be as 1, 1°18 and 
1:32, showing a less resistance in the case of the greater load, 
and corresponding to a decrease of about 24 per cent in the 
coefficient of friction. This seems to be insufficient to explain 
the change in the coefficient when the inclination of the plane 
is changed. But it is interesting as showing that in the case 
of pine on pine friction is not strictly proportional to the nor- 
mal pressure. 

As soon as possible we propose to repeat these experiments, 
extending the range of velocities, also to try the effect of a 
change of pressure, with a view to formulate deviations from 
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the received laws, if simple expressions can be found.. We 
have also designed a modification of apparatus to test our 
results when a uniform motion is given to the slide. 

The experiments in the series (nearly 100 in number) and a 
greater part of the computations have been very carefully 
made by Messrs. Butterfield and Wilson, students in the 
department of Physics. 


Art. XXIII.—On the constitutional formule of Urea, Uric Acid, 
and their derivatives ; by Professor J. W. MALLET, University 
of Virginia. 


Few classes of organic compounds have given rise to more 
difference of opinion amongst chemists than that which includes 
urea and its conjugates. 

The remarkable number of such compounds, their compli- 
cated relationships, the varied circumstances of their production 
and decomposition, and their variety of chemical character, 
have led to nearly every one of them being viewed in several 
different lights, and represented by several different formule, 
by those who have given the subject special attention. 

The structure of the simple molecule of urea itself is by no 
means settled. The arguments of Heintz* and Kolbet in favor 
of the view that urea is identical with carbamide (H,N—CO 
—NH,) have been opposed by the observation of Wanklyn 
and Gamgeet as to the behavior of urea (unlike that of admitted 
amides) when oxidized by an alkaline solution of potassium 
peng The latter chemists proposed the formula 
C<NH,, but, as Watts remarks in his Dictionary of Chem- 

OH 


istry,§ without assigning specific reasons (other than the dif- 
ference of behavior just noted) for adopting this instead of the 
carbamide formula which they reject. Wolcott Gibbs | inde- 
pendently put forward the same view, but did give some of the 
grounds upon which it was adopted by him. It has also been 
proposed to represent urea as O=C=NH,—NH,, in which 
formula one of the nitrogen atoms is pentad. Most recent 
writers of text-books, however, as Fittig4] and Naquet,** seem 
to have fallen back upon the view that urea is simply carb- 
* Ann. der Chem. u. Pharm., cxl, 276; cl, 73. + Zeitschr. fiir Chem., II, iii, 50, 
Jour. Chem. Soc., Jan., 1868, 31. § 1st Suppl., 1115. 
Amer. Jour. Sci., II, xlvi, 290, Nov., 1868. 
§] Wohler’s Grundriss der org. Chem., 8te. Aufl., 206. 
** Principes de Chimie, troiséme éd., t. ii, 532-533. 
Am. Jour. Scr.—THIRD Vou. XI, No. 63.—Marcg, 1876. 
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amide. Bunte* has suggested as the means of deciding between 
these opinions the determination of the maximum number of 
isomeric products obtainable from the body in question by 
substituting an alcoholic radical for hydrogen. 

The most obvious point of difference between the three for- 
mulz above mentioned consists in the first being symmetrical 
while the others are not so. If urea be carbonic diamide (1), 
viz: 

2. 
H—N—H 


H—N—H 


C 

| 

O 
the two nitrogen atoms are placed exactly alike, and so are the 
four atoms of hydrogen. If the third formula (2) be adopted, 
the two nitrogen atoms will be unlike, while there will be two 
airs of hydrogen atoms with no difference between the mem- 
ns of each pair. But if the formula (8) be the true one, the 
two nitrogen atoms, while exhibiting the same atomicity, are 
dissimilarly connected, and hydrogen is found in three different 
relations to the rest of the molecule, only two atoms of the lat- 
ter element being quite alike in position. Clearly we should 
the rather expect from this highly unsymmetrical disposition 
of the atoms such a number and variety of substituted and 

conjugated products as urea actually affords. 

But not only does this last view enable us easily to account 
for the large class of derivatives furnished by the substance in 
question, but it seems to lend itself remarkably well to the 
explanation of the special character which these derivatives 
severally exhibit, whereas many of the formulz hitherto pro- 
posed for the “‘ ureides” differ much from those of other bodies 
of the same type, the acid or basic character, degree of basicity, 
ete., not being satisfactorily accounted for. In this respect 
Wanklyn, Gamgee and Gibbs seem scarcely to have done 
justice to the merits of the formula they suggested, and I pro- 
pose by a few examples of the better known substances related 
to urea to illustrate the advantages of assuming for it this 
molecular constitution. In doing so I have to suggest a struc- 
tural composition for most of the conjugated bodies spoken of 
unlike that which Gibbs has adopted in the paper above 
referred to. It will conduce somewhat to clearness to use fully 
expanded graphic formulz, and for the conjugated compounds 


* Ann. der Chem. u. Pharm., cli, 184. 
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to use dotted lines to represent the bonds connecting residues 
derived from different molecules.* 

Let then urea be represented by the last formula, No. 8, 
derivable from ammonium cyanate 


1. Ammonium cyanate. 2. Ammonium carbamate. 
HHH H H HH H 
| ii | it 
N 


§ 
| 

C Cc 

N O 

by intermolecular transposition, and from ammonium carb- 
amate by change of the same sort with elimination of water. 
In both cases one of the two nitrogen atoms shows the usual 
tendency to revert from pentad to triad character by elevation 
of temperature. 

The direct compounds of urea (like those of ammonia) with 
acids involve a re-assumption of pentad relation by this one 
atom of nitrogen; not by both, as we might expect if they 
were alike in position in the molecule; as, for instance, in the 
case of urea nitrate. 


Urea nitrate. Urea and mercuric oxide. Urea and sodium chloride. 
O HH 


N—O—N—H 


C—O—H 


| 
N 


H 
Similar relations are entered into with some metallic oxides, as 
for instance, mercuric oxide, and certain salts, as with sodium 
chloride. 
1. Ethyl-urea (basic). 2. Normal di-ethyl-urea (basic). 
HHH HHH HHH 
| 
C C 


| | 
H—C—H H—O—H 


* Some of these graphic formule would look rather simpler and better were it 
not for difficulty on the part of the printer in using oblique lines with movable 
type. 


—N—H —N—H 
C—O—H C—0O--H 
i | 
N N 
| 
H—C—H 
| 
¢—O—H 0—O—H 
{ | 
N N 
| 
H H 
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Products of substitution by alcoholic radicals, in which the 
urea type and character are preserved, are exemplified by ethyl- 
urea, C,H,N,O, in which one of the two similarly related 
hydrogen atoms is replaced, and by normal di-ethyl-urea, 
C,H,.,N,O, in which the replacement extends to both of these 
atoms. One hydrogen atom of this pair and another (unlike) 
atom at the same time are probably replaced in the isomeric 
di-ethyl-urea, and tri-ethyl-urea, if this compound really exist, 
will represent the replacement of both the similar and one un- 
symmetric (probably imide) atom of hydrogen. 

Formule for condensed ureas containing polyatomic radi- 
cals, such as ethylene, follow easily enough from the above. 

In biuret, C,H,N,O,, we may suppose the residues of two 
urea molecules united with elimination of ammonia from 
unlike (amidic and imidic) extremities of the chain of atoms— 
thus, 

Biuret (feebly basic, uniting (by its amidic end probably) with one equivalent of 


HCl) 
H—N—H 


| 
0—O—H 


this giving a very obvious explanation of the formation of 
biuret by heating urea, ammonia being at the same time 
liberated. 

Conjugated compounds of urea residues and acid radicals 
form a more numerous class. In these the type of the original 
acid seems usually to predominate, but the urea residue modifies 
the character of the substance in different ways according to the 
mode of atiachment. This last point seems to have been the 
chief one overlooked in the arrangement of most of the struc- 
tural formule hitherto proposed. 

Thus, from carbonic acid, CH,O, (di-basic), we get allo- 
phanic acid, C,H,N,O,, 


Carbonic acid (dibasic). Allophanic acid (monobasic). 


H 4H H—N—H 
| | 
H 
| | 
Oo N 
| 
6) 


N 
| 
C—O—H 
| 
N 
| 
H 
| 
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-“ one of the two basic hydrogen atoms present in the orig- 


inal acid remaining in place. A comparison of allophanic acid 
thus viewed with the above formula for biuret will show how 
the latter is produced by the action of ammonia upon ethyl 
allophanate. From acetic acid, C,H,O,, we have acetyl-urea, 
C,H,N,O, (exhibiting neither acid nor basic character), 


Acetic acid (monobasic). Acetyl-urea. 
H H—N—H 
bow 


the one basic atom of hydrogen of the original acid having 
been replaced by the urea residue at its imide extremity. 
From glycollic acid, C,H,O,, we have glycoluric (hydantoic) 
acid, C,H ,N,O,. 


Glycollic acid (monobasic). Glycoluric acid (monobasic). 
HH H—N—H 
b 6 bon 
kd 


H 
the urea residue replacing the methylic hydroxyl, while the 
original oxatyl remains unaffected and the acid character is 
preserved. In the formula for glycoluric acid proposed by 
Gibbs, viz: (misprinted in his paper in the transposition of 
the — and — in the bottom line): 

Glycoluric acid. 


the mono-basic character is not obvious, nor does it readily 
appear which is the replaceable (basic) atom of hydrogen. 

If glycollic acid be differently conjugated with urea, the 
residue of the latter attaching itself in place of the basic 
hydroxyl, and a molecule of water being eliminated, we get 
hydantoine, C,H,N,O, (1). 


H H | 
Ho | 
| 
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1. Hydantoine (neutral). 2. Glycolurile (neutral). 
H—N—H H—N—H H—N—H 
| | | 
H C C—O—H 
N I N 


By reference to the formula proposed further on for allantoine 
it will be seen how simply the production from it of hydantoine 
occurs with separation of urea. Glycolurile, C,H,N,O,, ap- 
pears (2) as the corresponding di-ureide of glycollic acid, and 
its relation to allantoine (from which it is producible by the 
action of sodium amalgam) will be easily seen by reference to 
the formula for the latter, although I prefer to view these 
bodies as derivatives of two different acid nuclei. The break- 
ing up of glycolurile by an acid in the presence of water into 
hydantoine and urea is easily traced. From oxalic acid, 
C,H,0,, we get oxaluric acid,* C,H,N,O,, 


1. Oxalic acid (dibasic). 2. Oxaluric acid (monobasic). 3. Paraban. 
HH H—N—H H—N—H 
| | | 
0 O H C—O—H 
| | } 
Cc—C O N N 
00 C——C 
l| C—C 
| 
O 


easily breaking up in presence of water into oxalic acit .nd 
urea. 

The absence of well determined acid character in paraban 
(parabanic acid), C,H,N,O,, justifies the above formula, No. 
8, which well explains Ponomareff’s+ synthesis of this body by 
the action of phosphorus tri-chloride on a mixture of oxalic 
acid and urea, as well as the ready conversion into oxaluric 
acid by assumption of water; while the so-called metallic salts 
formed by this body (including those described by Menschut- 
kin),t remarkable for their instability, may probably represent 
merely the substitution of amidic hydrogen in the urea residue, 
as cholestrophane results from the substitution of both these 
hydrogen atoms by methyl. It will be seen presently that 
this formula makes paraban bear exactly the same relation to 
oxalic acid that alloxan does to mesoxalie acid. 

* There is some misprint in the formula for this acid in the memoir of Gibbs 
(loc. cit., p. 292), since it contains an atom of oxygen too much. 


Bull. Soc. Chim. de Paris, II, xviii, 97. 
Ann. der Chem., clxxii, 73. 
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If in the ureic residue of oxaluric acid we substitute hydro- 
gen for hydroxyl, we get the formula for allanturic (lantanuric) 
acid, C,H,N,0O,, 


1, Allanturic acid (monobasic). 2. Allantoine (neutral). 
H—N—H H—N—H H—N—H 

| | 
H H—0—C 

| J | | 

ON N N 

| 

0 


and the mode in which this acid is produced from allantoine 
by assimilation of water and separation of urea becomes evi- 
dent if we give to allantoine, C,H,N,O,, the following form- 
ula (2), viewing it as a di-ureide derivative of oxalic acid, 
with which it appears in fact to be closely connected, producing 
oxalates by heating with alkaline solutions, by fermentation 
with yeast, &. By reference to the formula proposed fur- 
ther on for uric acid it will appear how this latter yields allan- 
toine on boiling an aqueous solution with lead dioxide, the 
middle carbon atom of the mesoxalic acid residue being re- 
moved as carbon dioxide, and hydroxyl and hydrogen respect- 
ively taken up from a molecule of water by the two ureic 
residues, which at the same time assume a different mode of 
attachment to the oxalic acid nucleus; the further action of an 
excess of lead dioxide decomposing the allantoine itself, with 
formation of urea and lead oxalate. The formula of Gibbs for 
allantoine (as for hydantoine and glycolurile) would lead us to 
expect an acid character, whereas such compounds as are 
formed by this body with metals and metallic oxides manifestly 
are of the same order as those produced with similar substances 
by urea itself. In the other di-ureide, viz: mycomelic acid, 


C,H,N,O,, 
Mycomelic acid (monobasic). 
H 
§ 6 
omer: 
| 
| 
N H—N—H 
| 
H 


we have an example of what I agree with Professor Gibbs in 
assuming as very probable, namely, the similarity of function 


| 
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of nitrogen with two free bonds to the outside oxygen in 
oxatyl,* so that I represent one of the two such oxygen 
atoms in oxalic acid as replaced by a urea residue connecting 
itself by its amidic extremity, the hydrogen of the correspond- 
ing hydroxyl of the acid retaining its basic character; while 
the second residue of urea, attached by the opposite end of its 
chain of atoms, replaces hydroxyl instead of oxygen, and thus 
changes a di-basic into a mono-basic acid. Here we have an 
instance of what seems to me the error arising in many of the 
older formulas from considering merely the number of atoms, 
with their additions or subtractions, without noticing the char- 
acter of the compounds in question as an indication of molec- 
ular structure. Odlingt says of mycomelic acid that it bears 
“exactly the same relation to oxalic acid that uric has to 
mesoxalic acid.” So it does, in so far as the summation of the 
atoms present is concerned, but the two last named acids are 
both di-basic, while oxalic and mycomelic acids are di-basic 
and mono-basic respectively. It will be seen presently that 
the formule I propose account fully for this, the two urea resi- 
dues in uric acid being similarly connected with the residue 
of the original acid, while in mycomelic acid they are con- 
nected by what I have called the amidic and imidic ends 
respectively. 

Passing to the 3-carbon acids, from malonic acid, C,H,O,, 
No. 1, may be derived barbituric acid, C,H,N,O,, No. 2. 


1. Malonic acid (dibasic). 2. Barbituric acid (dibasic). 


H H H H 

| | | 
OHO 

| | J 

c—C—C 0—C—O 

| Jo: # 

OH O O: 

| 

N 

| 

H 


Gibbs’ formula (in which there is a trifling misprint) would 
imply a mono-basic acid. 
aquet* speaks of ‘“l’hydantdine, qui représente de l’acide 
allanturique moins un atome d’oxygéne, et qui est, par consé- 
uent, 4 l’acide allanturique ce que l’acide barbiturique est a 
Yacide dialurique.” But of these two pairs of substances, 
* As in the polymerides of true cyanic acid. Prof. Gibbs proposes to call 
(CNOH)” cyanyl, as analogous to (COOH)’, oxatyl. 


+ Lectures on Animal Chemistry, London, 1866, p. 132. 
¢ Principes de Chimie (1875), ii, 578. 
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hydantoine is neutral, and allanturic acid a mono-basic acid, 
while barbituric and dialuric acids are di-basic and mono-basic 
respectively. The formulz proposed in this paper furnish an 
explanation of the difference. 

Any formula I have seen for bromo-barbituric acid, C,H, 
BrN,O,, would lead one to expect for it exactly the same degree 
of basicity as that of barbituric acid. But the following (No. 
1) with the urea residue oppositely attached) will show how 
the former acid is mono-basic, while the latter is di-basic. 


1. Bromo-barbituric 2. Brom-alloxan or di-bromo- 3. Tri-brom-acetyl- 
acid (mono-basic). barbituric acid (non-acid). urea (neutral). 
H—N—H H—N—H H—N—H 
| | 
i N : N N 
O Br Br 
C—C | : i 
b_¢é 
O Br O | | | | 
Br O Br O 


A further replacement of hydrogen by bromine gives us 
what has been called di-bromo-barbituric acid, C,H, Br,N,0O,, 
a body which is, however, really devoid of acid character, not 
forming salts. With the formula now proposed (No. 2, above), 
this non-acid character becomes intelligible, and the name 
brom-alloxan, originally employed by Baeyer, becomes fully 
justified on comparison with alloxan as represented further on. 
The conversion of this body into dialuric acid by the action of 
hydro-sulphuric acid in the presence of water is explained by 
the formula for dialuric acid given further on. 

On pushing the action of bromine still further, brom-alloxan 
is converted, with separation of carbon dioxide, into tri-brom- 
acetyl-urea, C,H,Br,N,O, (from the 2-carbon acid residue), 
the formula of which (No. 8, above) is very simply derived 
from No. 2, and brings us back to that of acetyl-urea as 
already given. 

From mesoxalic acid, C,H,O, (No. 1), we get the acid mon- 
ureide dialuric acid, C,H,N,O, (No. 2), 


1. Mesoxalic acid (di-basic). 2. Dialuric acid (mono-basic). 
H—N—H 


| 


H 


| | 
| | 
O N 
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in which the ureic hydroxyl is replaced by hydrogen. The 
production of this acid by hydrogenation of alloxan will be 
seen presently to be readily intelligible. 

And from dialuric acid is derived the amide, uramile (dialu- 


ramide), C,H,N,O, (No. 1). 


1. Uramile (neutral). 2. Alloxan (neutral). 3, Alloxanic acid (di-basic). 
H—N—H H—N—H H H 
| | | 
C—H CG re) 
| | 
H—N-—-H N O N 
| 
C—C—C C—C—C 00 x 
bon 
| 
N 
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For the production of this body from alloxantine by the action 
of ammonium chloride, with separation of alloxan and hydro- 
chloric acid, see the formula given beyond for alloxantine. _ 
The formula of alloxan, C,H,N,O,, also a mon-ureide, 
becomes as represented in No. 2, while alloxanic acid, 
C,H,N,O,, formed by attachment of the urea residue by 
its opposite extremity, and with assumption of a molecule of 
water, may be viewed as in No. 8 above. Claus and Emde* 
have noticed the difference of character between the last two sub- 
stances, and suggested in explanation the following formule: 


1. Alloxan. 2. Alloxanic acid. 
H = H 
c——_— 
| | 


one of the few instances in which I find an attempt made to 
carry out the idea urged in this paper. Gibbs’s formule would 
imply that both substances were acid, and of the same degree 
of basicity. The parallelism between alloxan and paraban is 
seen to be brought out by the mode of representation now sug- 
gested, and an explanation is afforded of the fact that whereas, 
as Naquett says (looking only at the number of atoms con- 
cerned), alloxanic acid bears the same relation to alloxan that 
oxaluric acid does to paraban, the former acid is di-basie and 
the latter mono-basic only. 


* Ber. d. deutsch. chem. Gesellsch., vii, 226. + Principes de Chimie (1875), ii, 578. 
(To be continued.) 
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Art. XXIV.—On Flint-implements from the Stratified Drift of 
the vicinity of Richmond. Virginia ; by CHARLES M. WALLACE. 


THE James River, upon the left bank of which Richmond is 
situated, approaches the city from the southwest—running in 
the Mannikin country over fields of bituminous coals, and 
pouring its waters in headlong rapids over a broad belt of 
granite, through which it has cut a channel sixty feet or more 
deep. Huge bowlders, some of them weighing many tons, 
crowd the drift-beds near the falls, and strew the surface of the 
uplands below them. Many of those which were in the way of 
the early settlers have been broken up and removed, but others 
that remain, sufficiently indicate the course and level of the 
Drift. In some instances that I have noted, the marks of 
ancient pot-holes are legibly impressed upon them, proving 
unmistakably the fact of their descent from the rapids above. 

The trend of the prehistoric river is distinctly traced on 
its south side by the great upper terrace, which probably 
formed one of its borders before the bed-rock on the Rich- 
mond side had been scooped out. As far as I have explored 
this even and lofty plane—say twenty miles up the basin 
—it appears to be capped on its inner slope with gravel of the 
same general character as that which has been excavated at 
corresponding levels on the opposite shore. A succession of 
parallel slopes of limited extent show how the current has 
been diverted from a straight-forward course, and how, upon 
approaching the tide-water, it has slid away to the north side, 
forming a wide horseshoe of several miles in extent. 

The shelving of the left bank with its relief of hills is quite 
in contrast with the picturesque island-terraces upon which 
the neighboring city of Manchester is built. Main street in 
Richmond runs through the center of the drift-field which 
abuts upon the steep sides of the city hills, and converges to a 
point before being swept by the freshets of Gillies Creek and 
James River. It is on the exposed flank of this field that I 
have found some of the best specimens of drift-flints in my 
collection. 

My first discoveries were made a little more than a year ago 
in the elevated beds of the Appomattox, below its falls, and in 
the brick-earths that uniformly overlie the drifts of this valley. 

One of the implements I extracted from a deep bed of brick- 
clay on the left bank of James River, which has been recently 
cut away for an avenue to the Free Bridge; it was firmly im- 
bedded in the stiff clay—on its flat side—about seven or eight 
feet below the surface of the terrace, which at this point attains 
an elevation of forty or more feet above the rapids. It is,of 
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clay-slate, and has the ordinary English hatchet-like shape, with 
slight chippings at its lower cutting-edge, but no side-grooves 
for the clasp of a handle. The drift-bed, as evidenced by 
bowlders of granite and thin seams of pebbles interspersed 
through the clay, lies at a distance of 800 yards from the river, 
upon a sloping trough of the granitic rock. 

My next discoveries were made in the clay and gravel of the 
famous Powhatan terrace. This upland has been to me a pro- 
lific field for the finding of paleolithic implements. It may 
be cursorily described as a shelf-like bank on the north side of 
the James River, at the lower turn of the horseshoe, three- 
quarters of a mile long by one-third of a mile in breadth. It 
rises in bluff-like style from the river—with its upper surface 
at least thirty feet above the ordinary flooding of the tide. 
For many years the top clay has been used by brick-men who 
find the bed thicker as it recedes from the bluff and approaches 
the hills. The following is a section of this shelf-terrace near 
the river, where the strata appear to lie conformably. 


Feet 
1. Top soil, with occasional bowlders,- .-- 06 
2. Brick-earth, yellowish hue,.-..........--.. 8 
3. Whitish clay, hard and stiff when dry,----- 6 
4. Old river gravels, large pebbles at base, . - - - - 7 
5. Gray-brownish sand compacted, resting upon 


Tertiary earth, depth not ascertained. 


This gives a fair idea of the terrace along its river-front, 
which has been excavated for a railway, say half a mile or 
more. 

In the angle formed by the river and Almond Creek, a wide 
area of the terrace has been laid bare, exposing to view some 
interesting features of the Drift. The Old River gravel has 
been shaved off a little below its surface—as much as 450 feet 
long by 150 feet wide. A large bowlder of quartz, and several 
bowlders of granite rest upon beds of reddish, rounded gravel, 
giving the air of having been transported hither by floating 
ice, and deposited in gentle waters. One of the larger group 
measures eight feet one way by twelve the other, and still 
bears upon one of its sides the mark of an ancient pot-hole. 
The elevation of this excavated bed above the tide—a few 
yards distant—is about twenty-four feet. 

Carefully inspecting the upright walls on either hand, I 
found, in situ, ata depth of four feet below the surface, the 
implement which is described below. It was lying at the base 
of the brick-clay—which here is very scant—on its flat side, 
as if it had been dropped in the ooze of the marsh mud. In- 
deed the color is not of the earth from which it was taken, but 
whitish or porcelaneous, like pebbles from the spring gravel. 
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It has been split in two by a single blow of the workman’s ham- 
mer along its longer axis. There are two clearly-marked side- 
grooves obviously designed for being wrapped by withes or 
fastened in a haft. The fractured face has been worn a little 
less smooth than the natural crust of the pebble, and the flak- 
ings at the sides and edges look worn as if by being rubbed in 
gravelly beds. 

This implement does not materially differ, except in the 
peculiar coloring of its outside, from some in my collection 
from the surface. I regard it as a most interesting specimen 
from the drift, as it appears to link the discoveries of the older 
gravels with those of the immediate surface. Two other 
strange-looking tools were taken by me from the gravel four 
and eight feet below the surface. Both of them are hoe-like in 
structure. From the dumps which serve to ballast the track of 
the railway, I picked up quite a number of worked pebbles, 
which evidently came from this bed. 

Lest I might be deceived as to the archeological value of 
these discoveries, I requested Judge Clopton, who had mani- 
fested a warm interest in my researches, to accompany me on 
my next excursion. 

The next field selected lay along the bluffs of the river, and 
on either side of the York River Railroad. At the north side 
of the Yuengling Brewery, immediately overlooking the tide, 
we picked from the old river-gravels several flint-chips, but no 
well-defined forms. Below this point a few paces, I had previ- 
, ously picked out of a gully a beautiful disk of quartz, which, 
being crusted with the bowlder clay, I concluded belonged to 
a bed of that formation close by. It was originally a flat, 
round pebble, which had been struck into its present form by 
a skillful hand. The face which retains the natural crust, sug- 
gests the idea of its having been flattened by grinding ice 
under heavy pressure. One third of its periphery has been 
chipped to a sharp, jagged edge, as if for the purpose of 
barking trees or bruising bones. It may have been hafted— 
but it is more likely that it was used directly by hand. Itisa 
little larger and thicker than a biscuit of hard tack. 

The most important discovery of the day’s excursion was re- 
served for the close. A few paces below Main street, in a deep 
cut of the York River road, and high above the highest water- 
mark of the river, among many imperfect indications, Judge 
Clopton was the first to notice a brownish looking flint, stuck 
fast in the cemented gravel, eight feet below the surface. It 
was lying with its point on a downward slide, as if it had 
acquired that position by a landslip over the Tertiary beds. 

he shelf of land, from which this unique spear-head was 
taken, is distant about 150 yards from the river-shore, and 
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forms the extreme or turning point of the Richmond terrace. 
The height of the gravel-bed above the tide is forty feet or 
more. 

A few days later I inspected alone the Richmond terrace on 
its bluff-side, near the Dock, from which I have received some 
of the most interesting relics of the Quaternary man of Vir- 
ginia. The order of the formation at this point appears to be: 


1. Brick-earth underlying grayish clay, 

2. Rounded gravel, reddish hue, 

3. Deposit of fine bluish sand, 

4, Bed of gravel and bluish pebbles, ------..-- 

5. Alternate seams of compacted sand, gray and 
yellow, above the level of base of excavation, 


Depth of formation as far as known, 


The brick-earth of this section of the terrace has been topped 
off to allow of the extension of Cary street, and the natural 
wall has been pushed back, so to speak, as ‘much as fifty feet 
or more, to make room for the foundation of the York River 
Railroad Station. From the surface of the lower gravel bed, I 
extracted several worked flints, two of which closely resemble 
those of the European Drifts. A remarkable feature of the 
lower seam of gravel is the presence in large numbers of the 
pebbles from which the implements for the most part appear 
to have been fashioned. 

One of them is somewhat like an implement from the Recul- 
ver Pits, a sketch of which may be seen at page 534 of Mr. 
John Evans's elaborate work on The Ancient Stone Implements 
of Great Britain. The other is of lanceolate form, and will be 
readily recognized by those familiar with the relics of the Caves 
and Drifts of the old world. It is much worn by long associa- 
tion with the older gravels. It was probably used as a scraper. 

Deeming such discoveries of interest to the scientific world, 
I lost no time in reaching its ear, through the medium of Pro- 
fessor Spencer F. Baird, who very readily acknowledged my 
labors, in the most cordial and encour. aging way. 

I have extended my inquiries farther aw ay from the river, 
with continued success. The Great Upper Southside Terrace 
already referred to, has been recently explored by me, and 
found to contain worked pebbles of the same general charac- 
ter as those derived from the high-level gravels on either 
side of James River. 

An excavation eight feet deep has been made on the in- 
ward slope of this old river-shore disclosing fine and coarse 
gravel intermixed with reddish clay. The field of the surface 
below this excavation has afforded many similarly worked peb- 


Feet. 

9 
4 
12 
4 
4 

[ 


Stratified Drift of the vicinity of Richmond, Va. 199 


bles—which circumstance favors the conjecture that they have 
been washed out of the overlying beds. 

I dug out of the vertical wall of excavation two well-defined 
implements—one three feet below the surface, the other two 
feet deeper. Both were imbedded in firmly cemented reddish 
gravel. The deeper-lying pebble is worn smooth on its chipped 
edge, the other has the appearance of being rolled but slightly. 

This section of the old-river shore is half a mile distant 
from the present bank of the river. I may hereafter refer to 
it as the Fonticello gravel. Similar beds of gravel on the right 
bank of the river I have found to contain worked pebbles. 

Mr. Mann S. Valentine, to whom I have shown my drift- 
specimens, has examined a bed of old river-gravel a mile away 
from the falls, and found some interesting flints. I have not 
seen them, but do not doubt that they are of the same general 
character as those contained in the high-level beds on either 
bank of the river. 

In a deep cut of the Petersburg road, a little beyond the 
High bridge on the south side, I found several flint chips and 
worked pebbles, which appear to take the staining of the light 
gray matrix from which they had been taken. The elevation 
of the terrace at this point is seventy feet above the rapids— 
the depth of the specimens below its surface ten feet. My son 
Charles, who has been trained to look for worked flints, dug 
out of the clay-bed a rude stone hatchet. An exceedingly 
beautiful adze or hatchet was found here by me, though not in 
place. There can be no doubt that it belongs to the same stra- 
tum of clay from which other but not similar looking flints 
were extracted by me. It is shoe-shaped grayish-looking 
quartzite flint, and has been chiseled into form by a half dozen 
blows given with a downward stroke. It is not worn. It may 
have been used either in the hand, or with a haft. 

The whitish clay from which I took it lies in a trough of the 
granite which attains an altitude at this point of sixty feet or 
more above the level of the river close by. It is capped by the 
usual brick-earth, which, however, is rather scantily deposited 
at this place. 

It will be understood by the reader that all the discoveries 
herein mentioned were made in deposits forming parts of the 
clay and gravel. The implements could not have been intro- 
duced into the formations by any other agencies than those 
which deposited at the same time the containing beds. 


Richmond, Va., Jan. 13, 1876. 
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Art. XX V.—Description of a new Trilobite, Dalmanites dentata ; 
by Dr. S. T. BaRrert. 


THE Trilobite described below is from the upper compact 
beds of the Delthyris shale, a member of the Lower Helder- 
berg formation, near Port Jervis. Orange County, New York. 
The name, Valmanites dentata, refers to the dentate margin of 
the cephalic shield. The following are its characters. 

Dalmanites dentata.—Qutline of head parabolic ; posterior side 
concave, and posterior angles prolonged’ into mucronate, slightly 
falcate extensions; its outer margin throughout dentate. Eyes 
having about the same position as in D. pleuroptyx, but nearer 
the outer margins of the cheeks because of the less breadth of 
the head ; number of lenses in a large specimen about 180, eight 
ranges of them on the highest side. Pygidium triangular, 
transversely convex; posterior extremity prolonged into a grad- 
ually attenuate spine, which is a continuation of the lateral 
margin, and averages half the length of the axis. Axis sloping 
evenly throughout, its inferior extremity nearly merged in the 
border below. Two rows of minute spines extending the 
entire length of the axis near its center, and scattering minute 
spines either side over the surface of the segments. 

Fragments of what I suppose to be thoracic segments of this 
species are common. LEach terminates laterally in a slender 
terete spine curved outward and upward at right angles to the 
rest of the segment; it has a deep narrow longitudinal groove 
upon its lateral portion, which runs out backward toward the 
spine, and a deeper transverse groove over its middle portion, 
the part posterior to which is much larger than that anterior; 
the surface has minute spines, and otherwise resembles that of 
the pygidium. 

This species has a considerable vertical range, and some 
layers of the rock are mainly made of its remains. It is asso- 
ciated with Rensselaeria mutabilis, Homalonotus Vanuxemi, Low- 
onema Fitchiana, Chonetes complanata, and other Lower Helder- 
‘berg species, kindly identified for me by Professor Hall. 

The excellent photograph illustrating this paper was taken, 
from one of the best of my specimens, by the skillful photog- 
rapher of Port Jervis, Mr. E. P. Matterson. It is one and a 
half times larger lineally than the specimen. The writer will 
furnish those desiring it a second photographic plate, giving a 
view of the pygidium, eye prominence, and thoracic segment, 
and has specimens for exchange. 

Port Jervis, Dec. 29, 1875. 
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Art. XX VI.—Mineralogical Notes; by EpwarpdS. Dana. No. 
II.— On the Samarskite of Mitchell County, North Carolina. 


THROUGH the kindness of Mr. Joseph Willcox of Philadel- 
phia, and of Rev. J. Grier Ralston of Norristown, I have had 
an opportunity of,examining a considerable number of more or 
less perfectly crystallized specimens of samarskite, which be- 
longed to their cabinets. The results are sufficiently definite to — 
give a pretty exact knowledge of the relations of the species 
which have been till now very uncertain. 

According to information obtained from Mr. Willcox, and 
also from Professor Bradley, the samarskite is found in the 
mica mines situated in the mountains of Mitchell County, 
North Carolina. The rocks of the region are gneiss and mica 
slate, and the mines are worked in the granite veins which in- 
tersect them. Other localities also exist, under similar circum- 
stances, in Yancey, McDougal and Rutlierford Counties. The 
samarskite occurs in masses, generally irregular in shape but 
‘sometimes coarsely crystallized, imbedded in a reddish feldspar, 
which is very much decomposed, sometimes to a kaolin. The 
masses vary in size, some being very large; one obtained by Mr. 
Willcox weighed upwards of twenty pounds. 

The immediately associated minerals are two other species of 
the same tantalic group, described further on, and a yellow mica, 
which may prove upon chemical examination to be of interest. 

The samarskite when pure has a deep velvet-black color, 
though brown by transmitted light on very thin edges. The 
luster is resinous and very brilliant, and the fracture distinctly 
conchoidal. The mineral from this locality has already been 
analyzed by Miss Ellen H. Swallow,* with the following results 
(specitic gravity 5-755): Metallic acids, tantalic group, 54:96, 
SnO? 0:16, UO 9°91, FeO 14:02, MnO 0°91, CeO 5°17, YO 12°84, 
MgO 0°52, insoluble residue from oxalate of cerium 1°25, igni- 
’ tion 0°66 = 100-40. The metallic acids were not separated in 
consequence of the want of material. Attention may also be 
called here to the analysis, by Dr. Hunt, of the samarskite from 
Rutherford County, N. C., published in this Journal, II, xiv, 
341, 1851. 

The samarskite exists in all states of purity, being sometimes 
intimately mixed with the gangue of decomposed feldspar. 
There are also connected with it several more or less distinct 
decomposition-products which deserve a chemical examination. 
A yellow coating over the surface of the masses is very com- 


* Proceedings of the Boston Society of Natural History, vol. xvii, 424, 1875. 
Am. Jour. Sci1.—THIRD Vou. XI, No. 63.—Manrcu, 1876, 
14 


202 «=F. S. Dana—Samarskite of Mitchell County, N. C. 


mon; and in some cases the exposed exterior of the pure min- 
eral has taken a chocolate-brown color. 

As has been stated, indistinct crystals and crystalline masses 
are not uncommon, and some few specimens, especially those 
placed in my hands by Mr. Ralston, admitted of exact determi- 
nation. The general habit, and the more common of the occur- 
ring planes are shown in figure 1, the additional planes of figure 
2 are rather rare. 


The characteristic feature of all the crystals, almost without 
exception, is the nearly right-angled edge between the macro- 
domes, 1-2. Not infrequently the elongation of this terminal 
edge gives the crystals a prismatic appearance in that direction. 
More generally, however, the crystals are elongated vertically 
in the direction of the prism as taken in the figures; a radiated 
arrangement in the groupings of the erystals, sometimes ob- 
served, is a feature deserving mention. The prismatic planes 
(J and 7-7) are in all cases narrow so that the general habit is 
that of a rectangular prism; frequently the crystals are flattened 
in the direction of the brachypinacoid 7-2, and upon the surface 
of this plane are sometimes observed a number of small outlined 
crystals similar to those often occurring on the diametral planes 
of columbite. Occasionally, also, 7-7 is the more prominent, giv- 
ing rise to forms flattened in this direction. 

The occurring planes, as seen in the figures, are as follows: 
t-i, 1-2, I, 1-3, 1-7,1, 8-3. The planes are without luster and often 
quite rough, so that approximate measurements alone were 

ible ; and in different crystals some of these angles varied 
considerably. The angles obtained from the best formed crys- 
tals are as follows : 
0-2 7-3 = 95°; 1-7 = 98°. 
From these measurements the following axial ratios are ob- 
tained : 
c' (vert.) 0°949, (macr.) 1°833, (brach.) 1-000. 

Some of the calculated angles for the other forms are as fol- 
lows, the angles obtained by measurement being given in 
parentheses : 
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Tx [=122° 46', [A 23’ (152°), 1= 110° 85’ (110°), 
A 1=180° 7’, LA 1=187° 14’, 7-44 3°F=125°55 (126°), 3 F= 
135° 46’ (136°). 

The position here adopted shows most favorably the probable 
relation of the samarskite, of North Carolina, to the crystals 
of yttrotantalite described by Nordenskidld. 

Samarskite (Dana). Yttrotantalite (Nordenskidld). Columbite. 


tal 122° 46’ 128° 10’ (122° 48’, 
95° 94° 32’ (94° 58’, 
Liali 93° (87° 24’, 4-2) 90° 15’ 
iF Aa (101° 24’) (101° 52’) 101° 26’ (J) 


The parentheses indicate that the forms referred to have not 
been observed. The pyramidal planes of samarskite (1 and 
3-7) are not known on yttrotantalite. It will be observed that 
while in the prismatic zone the agreement between the two 
species is close, in the domes the variation is considerable. 

The prism of samarskite referred to the axes of columbite 
(Dana’s Min., p. 516) is ¢-}, and on this basis the other planes 
become as follows: 7-3=7-4, 1=1-3, 3-7 =2, 1-7=1-7% 

The crystalline form of euxenite has not been very clearly 
made out, but it seems to be closely related to that of sa- 
marskite; for 7A Z, Dahl gives 126°, Greg 120°? (122° 46’ 
samarskite) ; 7-7, m-7=1544 and 153°, but 2-7, 2-i=152° 13’ 
(samarskite); also two pyramids are mentioned giving the 
angles p'=107 (¢-7,~1=110° 35’ samarskite), p? =186° 
(135° 46’ samarskite). 

The method of association of crystals of samarskite and 
columbite at Miask (to be mentioned later) seems to suggest 
that the broad plane, @-? of the figure, may possibly correspond 
to the plane 7-2 of columbite. (T'o avoid confusion it must be 
noticed that 2-2 columbite, Dana’s Mineralogy = 7-7 Naumann, 
and / Dana = ¢-3 Naumann.) This idea is supported by a sin- 
gle one of the specimens under examination, where of two asso- 
ciated crystals, the cleavage plane (probably 7-7) of the colum- 
bite was exactly parallel with the plane of the samarskite called 
ti above. If now this change is made, the planes, before men- 
tioned, become as follows: If and then J=7-3, 
1=1-2, 3-}=2-}. The consideration of all the facts, however, 
seems to show that the method first proposed should be adopted. 

It may also be mentioned here that several of the minerals of 
this group show angles of 91°-95°, 128°, etc., in the prismatic 
zone, although in the other zones there is no apparent corre- 
spondence, and the habit is quife different. 

The occurrence of two other minerals of this tantalic group 
has already been mentioned. One of these minerals ocears in 
regular octahedrons, sometimes nearly an inch across, with the 
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cubic planes, and also the form 3-38. It has a yellowish-brown 
color and resinous luster. Professor Brush reports, from his 
examination, that in blowpipe characters it agrees closely with 
pyrochlore ; but its specific gravity as determined by him on a 
pure crystal is 4°794, which is considerably higher than that of 
pyrochlore (4208, Hermann), so that it may approach more 
nearly to microlite. Fora definite knowledge of its character 
we must consequently wait for the chemical analysis which 
Professor Allen proposes soon to undertake. These octahe- 
drons occur generally in a rusty gangue, the mass of which 
seems to consist mostly of the same mineral. They are also 
sometimes observed implanted directly upon the samarskite. 

The second associated mineral is columbite. It occurs in crystal- 
line masses of considerable size, imbedded in the samarskite, or 
implanted upon it. The form where distinct is very similar to 
those given in Dana’s Mineralogy, figures 429, 430, p. 516, and 
the angles agree closely. . From some qualitative experiments 
Professor Allen finds that it contains a considerable quantity of 
tantalic acid. On this account it is a matter of some surprise 
that its specific gravity is only 5:476. 

This intimate association of columbite and samarskite at this 
locality is the more interesting in that, as long ago shown by 
Hermann, these two species occur together at Miask in the Urals. 
Some Uralian specimens recently examined by me have the 
minute crystals of columbite, well formed, implanted on the 
samarskite, the crystals of the two appearing to occupy a parallel 
position. It would here hardly be suspected that the two min- 
erals were distinct, except from the cross fracture, in which the 
two decidedly differ. The American specimens, on the other 
hand, with the single exception alluded to, show no relation at 
all in the position of the crystals of the two species. 

Professor Allen is at present engaged in a thorough chemical 
investigation of the various minerals, which have been men- 
tioned, and the results of his work will be awaited with much 
interest. 


Art. XXVIL—The Effect of Silicic Acid upon the Estimation of 
Phosphoric Acid by Ammonium Molybdate ; by E. H. JENKINS. 


THE idea seems to be general that the presence of silicic 
acid in solutions, impairs the accuracy of the estimation of 
hosphoric acid by the molybdic method. In Rose’s Hand- 
leak der Analytischen Chemie, 6th edition, volume ii, page 
519, under a description of this method the fact is stated 
that silicic acid gives a precipitate similar to the ammonium 
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phospho-molybdate, and Fresenius (Quantitative Analyse, 5th 
edition, page 334) advises the separation of silicic acid asa 
preliminary. W. Knop has observed (Chemisches Centralblatt, 
1857, page 691) that ammonium molybdate, added to a solu- 
tion containing silicic acid and a large quantity of ammonium 
chloride, produces a lemon yellow precipitate much like ammo- 
nium phosphomolybdate. Without this excess of ammonium 
chloride no such precipitate forms, either in the cold or after 
heating to boiling. 

It might readily be supposed, however, that, though not 
precipitated by itself with ammonium molybdate, silicic acid 
could come down in a precipitate of ammonium phospho- 
molybdate and introduce an error. To ascertain whether this 
actually happens the following experiments have been made. 
A solution of potassium silicate was employed, made by boil- 
ing pure silicic acid with potassium hydrate, and acidifying 
slightly with nitric acid. It contained in 50 cc. 2055 grs. of 
silicic acid, and bare traces of phosphoric acid. A solution of 
pure hydrodisodic phosphate was prepared, and the phosphoric 
acid estimated by the ammonium molybdate method. 25 ce. 
gave 

(1) :0844 Mg,P,0, = :05398 P,O, 
(2) 0845 0540 

Estimations of phosphoric acid were made in varied quanti- 
ties of the solution of sodium phosphate with the addition of 
potassium silicate, by the molybdic method. 

The amounts of the solutions employed and the results ob- 
tained are given below. 

0492 SiO, + 1¢.c. sodic phosphate = 0022 P,O, gave ‘0023 P,O, 
0492“ 45 “ 108 -o114 


0492 “ 4125 “ 0270 * 


0123“ 4-25 “ =0540 0540 “ 
0246 “ 425 “ =0540 “ “ “ 
0492 “ $95 =0540 “ 0544 
2055 “ +25 = 0540 “ 0538 “ 
2055 

5000 CaSO, 


0540 “ 0544 


2000 MgO 
5000 Fe, O, 
1:0000 Alum 
A solution of tricalcic phosphate in nitric acid containing in 
50 c.c. 0379 grs. P,O, gave with 3100 SiO, ‘0381 grs. P,O, 


*3100 
10000 alum gave 0382 grs. P,O, 


The ammonium molybdate and magnesium chloride solu- 
tions used in these determinations were made as recommended 
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by Abesser, Jani and Mircker in their paper on the estimation 

of phosphoric acid (Fresenius Zeitschrift, 12th year, p. 252), 

and all the operations were conducted as there advised. The 

above results show that in no ordinary case is a previous sepa- 

ration of silicic acid necessary to ensure all desired accuracy in 

the estimation of phosphoric acid by the molybdic method. 
Prof. Kolbe’s Laboratory, Leipzig, Dec. 17, 1875. 


Art. XXVIIL.—On the youngest Huronian Rocks south of Lake 
Superior and the age of the Copper-bearing Series; by T. B. 
BROOKS. 


In the summer of 1874, Chas. E. Wright and myself, while 
exploring the country west and south of the Menominee River 
about ninety miles from its mouth, under the auspices of tke 
Wisconsin Geological Survey, observed a large granitic area, 
the north edge of which was bounded by dark-colored horn- 
blendic and 1nicaceous schists of Huronian age, which I have 
since concluded are the equivalents of the youngest member of 
that series yet observed in the Marquette lron Region.* The 
prevailing form was a medium to coarse-grained gray granite, 
with rectangular crystalline facets of feldspar.t In places it 
passed through gneissoid granite to a true gneiss, which was 
once hornblendic, the schistose structure of which always con- 
formed with the underlying schists. 

The lithological character of this wide granitic belt bore so 
much general resemblance tothe Laurentian rocks, which are 
extensively developed on the waters of the Sturgeon River in 
Michigan, 10 to 20 miles to the northeast, that we were dis- 

osed at the time to believe that some phenomena of folding or 
aulting had brought rocks belonging to that system to the sur- 
face in an unexpected quarter. Professor Pumpelly and my- 
self, several years previously had observed, farther to the north 
and west, similar granitic rocks crossing the Michigamme and 
Paint Rivers (branches of the Menominee), presenting similar 
puzzling relations with beds known to be Huronian. This for- 
mation is noticed in my Michigan Report, vol. i, p. 175, and 
the probability of its being Huronian, and younger as well as 
lithologically different from any rocks then known to be of that 
period, is pointed 

* The staurolitic mica schist, Bed XIX. of my scheme. See vol. i, pp. 83 and 
130, Michigan Geological Report, 1873. 

+ A few small granite dykes were observed penetrating the hornblende schists 
along the granite border. 

mI It is not improbable that some of the granitic rocks S. W. of Michigamme 

e in the Marquette Region, may belong to the same horizon. 
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A careful consideration of all the facts to be observed in the 
Menominee Region confirms me in this hypothesis,* which is 
further supported, as it seems to me, by observations in the 
Penokie Iron Region ( Bad River ), Wisconsin. 

Colonel Whittlesey’s maps and sections, given in Owen’s Re- 
port, 1852, represent a belt of granite, syenite, and hornblende 
rocks as dividing the Penokie series ( Huronian ) from the over- 
lying Copper-bearing amygdaloidal traps and sandstones, which 
lie to the north and nearer the lake. 

I observed these rocks at several points in 1871, and noted 
their general lithological resemblance to the Laurentian, as well 
as the almost insurmountable structural difficulties in assigning 
to them that age, and recorded in my notes the probability of 
their being Upper Huronian. Rowland Irving mentions these 
rockst as being coarsely crystalline aggregates “chiefly of lab- 
radorite and orthoclase feldspar, hornblende, and some variety 
of pyroxene,” with occasional evidences of bedding, which points 
toward their entire conformability with the underlying Huro- 
nian. He regards them as of the period of the Copper-bearing 
series, constituting its lowest and oldest portion. 

Having been, so far as I know, but little studied, it is perhaps 
impossible at this time to determine their age: but what is 
known can here be briefly surveyed, and an inference drawn, 
which will not be without value in directing further investiga- 
tions. 

1. The general lithological similarity of this granitoid belt 
to the Laurentian, has been remarked. It has quite as much 
similarity, if not more, to several members of the Huronian ; 
and is, I believe, not identical with any rock known to belong 
to the Copper series. 

2. Its geographical extension is peculiar in this: it wedges 
out rapidly to the east from the vicinity of Penokie Gap, en- 
tirely disappearing at the Montreal River, which divides Mich- 
igan from Wisconsin. Professor Pumpelly and myself traced 
the boundary between the Copper and Huronian rocks 30 miles 
farther eastward beyond Lake Gogebic, without again observ- 
ing it, which we should certainly have done if it had existed 
there; for we often found the two series very near together, al- 
though the actual contact was not seen. 

* Dr. H. Credner regarded the entire Marquette series as the equivalents of the 
lowest member (a quartzyte ) of the Menominee Huronian, a position not at all 
borne out, as it seems to me, by the facts. He seems to have based this geognos- 
tic reasoning largely on a rough section which I sketched for him (and which he 
has reproduced ) of the Negaunee District, where the Upper Huronian, so well de- 
veloped at Michigamme Lake, is wanting. His great overestimate of the thick- 
ness of the Menominee rocks has also led himastray. (See Zeitschrift der deutschen 
geologischen Gesellschaft, Band xxi, 1867, p. 553.) No attempt was made in 
my Michigan Report to correlate the Marquette and Menominee series, each being 


provisionally numbered independently. 
tAm. Jour. Sci., vol. viii, 1874, p. 49. 
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8. Not only does this granitoid formation thin out and disap- 
pear in its eastward prolongation, but the same is true of the 
whole Huronian series, the belt of which becomes narrow as 
followed east, and finally disappears in the neighborhood of 
Gogebic, where the Laurentian is seen very near the Copper 
series. * 

4. The fact that the granite mass does not cross either the Cop- 
per or Huronian series, or, so far as observed, give off dikes in 
either, renders it improbable that it came into its present posi- 
tion as an eruptive mass subsequent to the formation of both 
series of rocks. 

5. The various ores of iron, which are so generally and abun- 
dantly diffused in the Lower and Middle Huronian, are entirely 
absent so far as observed from the upper three or four members as 
developed in the Marquette and Menominee regions, and also in 
the Penokie series if the following hypothesis is true; but they 
occur in all forms, although, it is believed, not abundantly, in 
the uppermost exposed member on Black River.+ If we sup- 
pose this iron to have been mostly precipitated as a carbonate, 
then we might expect it would be more generally diffused 
through the rocks of certain epochs than those materials derived 
from the erosion of adjacent coasts. 

There is evidently but one hypothesis which will reconcile 
these facts, which is: that the granitoid formation in question 
is of the Huronian period, and probably the youngest member ; 
which series are here non-conformably overlaid by the Copper- 
bearing rocks. I conceive that this view is supported by the ob- 
servations in the Menominee region above recorded, and suppose 
this Penokie granitoid formation may be the equivalent of gra- 
nitic bed XX of the Huronian series as developed in that re- 
gion. On this hypothesis, it is possible that the valley dividing 
the Penokie Range proper from the granitoid belt may be un- 
derlaid by a soft slate, the equivalent of the micaceous schist, 
bed XIX. 

I would anticipate the objection which many will make to 
attaching much weight to lithological evidences in determining 
the age of formations 100 miles apart, by repeating that the 
staurolitic mica schist formation (XIX) maintains its min- 
eralogical character for over one half this distance. I fail to 
understand why conditions favorable to the formation of exten- 
sive areas of particular rocks may not have existed occasionally 
in Archean Time, since they were so prevalent in the fol- 
owing ages. This idea of equivalency is further supported by 
facts given in my ‘“ Revised Descriptive Catalogue of the Mich- 
igan State Suite of Huronian Rocks,” in preparation. 


* Pumpelly and Brooks, this Jour., vol. iii, 1872. 
+ The best point for observing the Huronian between Lake Gogebic and Mon- 
treal River. 
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The approximate conformability in strike and dip of the Hu- 
ronian and Copper series, observed by Prof. Pumpelly and my- 
self between the Montreal River and Lake Gogebic,* would, in 
this view, be only accidental and not prove identity of age, as 
we were at the time inclined to suppose, and with which view 
Mr. Irving agreed. 

As supporting the view that these pre-Silurian systems + are 
of distinct periods, I would call attention to their well-known 
points of difference The Huronian series of stratified green- 
stones, chloritic and related schists, clay slates, quartzytes, mar- 
bles, micaceous and hornblende schists, gneisses and granites, 
containing no copper or other metallic ores, except great con- 
formable beds of magnetite, hematite, and limonite, differ as 
widely as may be from the compact and amygdaloidal mela- 
phyres, friable sandstones, conglomerates with porphyry pebbles, 
which constitute the bulk of tlhe Copper series, the whole more 
or less charged with native copper and silver; all of which 
points strongly toward a different origin for the two systems. 

In their metamorphoses and movements subsequent to their 
deposition, there is a not less wide divergence noticeable. The 
friable sandstones of the Copper series, showing no greater met- 
amorphism than the overlying Silurian for which they are often 
mistaken, has no counterpart in the highly crystalline schists 
and quartzytes of the Huronian, where we have only just 
enough of the arenaceous character left in some of them, to leave 
no doubt as to their fragmentary origin. But the difference in 
the amount, sharpness, and regularity of the folding and bend- 
ing of the rocks of two systems into existing wave-forms, 
is if possible wider than their lithological variations. Contrast 
the magnificent regular sweeps of the Copper series, the main 
ranges of which preserve the same strike and direction of dip 
from Keweenaw Point westward for 150 miles, presenting for 
half the distance only the south upturned edge of the broad 
synclinal which embraces one fourth of the great lake in its 
basin ;{ with the older system, everywhere sharply folded 
into narrow troughs and irregular basins, trending in every di- 
rection, the upturned edges of whose enclosing rocks box the 
compass, winding and zig-zaging in outcrop like a sluggish 
river.§ 

* This Jour., vol. iii, June, 1872. 

+ I regard the non-conformability and difference in age of the Copper-bearing 
series and Lower Silurian rocks of Lake Superior, as established by the facts re- 
corded in the papers of Prof. Pumpelly and myself and of Mr. Irving, in this Jour- 
nal, already referred to. The hypothesis that the Copper rocks are the youngest 
Silurian formations of Lake Superior and were deposited during a period of eleva- 
tion and depression which ceased at the beginning of the St. Mary’s ( Potsdam ) 
epoch, I conceive is not supported by recently observed facts. 


k See Irving’s interesting remarks, this Jour., vol. viii, July, 1874. 
Dr. J. P. Kimball, called attention to this structure in 1865, in this Journal. 
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If we extend our observations to the older and again non- 
conformable* Laurentian, we find the rocks still more plicated 
and metamorphosed, often even to the extent of entirely ob- 
literating all evidences of stratification. If we suppose the 
forces which have produced the metamorphosis and the wave 
forms to have acted regularly and constantly from the beginning 
of Archean time to the beginning of the Paleozoic, we may 
easily suppose the above results produced, viz.: the Laurentian 
most disturbed and changed, the Huronian next, and the Copper 
series least, the Silurian practically not at all. 

A fact not without interest is the entire absence, so far as I 
know, of any patch even of rocks of the Copper period south 
of the great Keweenaw belt. If the two systems were conforma- 
ble and of the same age, it is difficult to suppose it possible that 
erosion should have entirely denuded all the Huronian area 
which must have been covered by the Copper series of the 
rocks of that period. One would expect that somewhere a mass 
of these supposed younger Huronian beds would have been 
embraced in some one of the numerous sharp, deep synclinals, 
and have been found by those indefatigable mineral prospectors 
who have so thoroughly searched this region. On the — 
esis of non-conformability, it is much easier to conceive how it 
was possible for Silurian breakers coming from the south, slow- 
lv advanced by a subsidence from the same direction, to have 
done their work in completely uncovering the present Huronian 
area and leaving the great Copper range escarpment one of the 
most striking topographical features as well as the most difficult 
geological problems in the Northwest. It is easy to suppose for 
example, the horizontal Silurian rocks being entirely eroded from 
anv Archean terrains, but not of the Huronian rocks being en- 
tirely eroded from a Laurentian area, for the reason alread 
given. Lastly, Logan states, Geology of Canada, 1868, p. 77, 
that “certain conglomerates of the Lower Copper-bearing rocks 
north of Lake Superior repose non-conformably on the upturned 
chloritic schists of the Huronian.” 

We are therefore justified, I think, in regarding the i 
bearing rocks of Lake Superior as a distinct and independent 
series, marking a definite geological period which separates the 
Silurian from the Huronian ages. Should future observations 
confirm this view, it would be advisable to have some more 
convenient and geologically acceptable name for the series than 
that now in use. Since Keweenaw Peninsula forms one of the 
most striking geographical features in Lake Superior and is the 
locality where the Copper series are best exposed and were first 
studied, I suggest the name Keweenawian for this period. 


* Pumpelly, Credner and myself have observed and recorded this in publications 
already referred to. 
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The difference in age of the Huronian and Laurentian having 
been proven, as already remarked,* by observed non-conforma- 
bility, by the great rarity, in the younger series, of granite and 
greenstone dykes so numerous in the older, warrants us in re- 
asserting the same kind and degree of unity and independence 
regarding the Huronian series. 

The considerable amount of carbon distributed through the 
Huronian, indicating much organic life in that period, leads us 
to hope that those ‘imperfect fucoidal impressions” seen by 
Mr. Julien ( Mich. Report, vol. ii, p. 5.) may not prove delu- 
sive, and that we shall yet be able to avail ourselves of paleon- 
tology in determining the age of this system. 

The Laurentian rocks have been too little studied to justify 
an opinion as to whether they may be separated into two or 
more non-conformable systems, as has been attempted in Canada. 


Art. XXIX.—On a new Method of Measuring the Velocity of 
Electricity ;+ by JosErpH Loverine, of Cambridge, Mass. 


PERHAPS it is not too strong a statement to say that a question 
is half answered when it is properly asked. Now when it is asked, 
What is the velocity of electricity, there is no strict propriety in 
the question. For electricity has no velocity, in the common sense 
of the word velocity. There is no analogy between the transmission 
of an electrical disturbance and the propagation of light, or sound, 
or radiant heat, forexample. The mathematical theory of the gal- 
vanic circuit, as stated by Ohm in 1827, and the more recent anal- 

sis on the same subject by Kirchhoff and Sir William Thomson, 

ave appeared to prove that the time of transmission of an electrical 
disturbance is proportional to the total electro-statical capacity 
of the conductor, multiplied by its total resistance. As each of 
these factors increases with the length of the conductor, the time 
of transmission is proportional to the square of the length of the 
conductor. Therefore, it cannot be told with what velocity elec- 
tricity will move until it is known through what distance it must 
travel. If it be asked, not what is the velocity of electricity, but 
what is its time of transmission, in any particular case, there 
would be more hope of a definite answer. The distinction just in- 
dicated will do much towards reconciling the contradictory results 
of experiment in regard to what is erroneously called the velocity 
of electricity ; these experiments making the velocity appear to be 
sometimes as great as 288,000 miles a second, and sometimes no 
more than 800 miles a second. In the first case the experiment 
was made on a very short conductor, and in the second case on a 
conductor of great length. 

* See my Michigan Report, vol. i, pp. 126, 156. 


on From the Proceedings of the ‘American Association for the Advancement of 
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When experiment undertakes to deal with such amazing rates 
of transmission as those of light or electricity, one of two things 
is indispensable; it must possess the means, either of operating 
over enormous distances of space, or of measuring excessively 
small intervals of time. When the propagation of light is under 
consideration, there is a free choice between the two methods, 
If we choose the first, which may be called the direct 
method, astronomy will supply ample spaces, and no extraordinary 
nicety of measurement in the other element is demanded. But the 
practicability of the second method, even when the spaces traversed 
by the light do not exceed the limits of the physical laboratory, 
has been demonstrated by Fizeau, Foucault and Cornu. 

If we turn now from the propagation of light to that of elec- 
tricity, it is obvious that nothing less than the largest lines of 
telegraph wire furnish the conditions required by the first method. 
On the 28th of February, and again on the 7th of March, 1869, 
the late Professor Winiock, of the Harvard College Observatory, 
sent electrical signals from Cambridge to San Francisco, and 
thence by other lines to Canada, and back again to Cambridge, 
over a loop of wire measuring 7200 miles. This long journey was 
performed by electricity in about two-thirds of one second; and 
no small portion of this brief interval was lost in bringing into 
action the thirteen repeaters which were interpolated into the 
circuit. In the determination of longitude by telegraphic signals, 
the transmission time of the signals comes out as an incidental 
result. When the signals are sent eastward, the apparent differ- 
ence of longitude exceeds the real difference of longitude by the 
transmission time. When the signals are sent westward, the 
apparent is less than the true longitude by the same quantity. 

he average of the two values is the true difference of longitude, 
and half the difference of the two values is the transmission time 
of electricity. For example, in the campaign conducted by offi- 
cers of the United States Coast Survey, in 1869-70, for the deter- 
mination of transatlantic longitudes, I obtained the following 
results. The total transmission time between Brest, France, and 
Duxbury, Mass., by the way of St. Pierre, was ‘816 of one second. 
The total distance by cable is 3329 nautical miles; the distance 
from Brest to St. Pierre being 2580 nautical miles, and that from 
St. Pierre to Duxbury 749 nautical miles. When the differences 
of length, caliber and materials as between the two branches of 
the cable are all taken into account, I find that the transmission 
time between Brest and St. Pierre was °639 of a second, and 
between St. Pierre and Duxbury ‘177 of a second, so that the two 
branches were traversed, one at the rate of about 4000 nautical 
miles a second, the other at the rate of 4230 nautical miles a second. 

Wheatstone’s remarkable experiments on the velocity of fric- 
tion electricity, first published in 1834, offer an example of the 
second method of measuring great velocities. In this case, the 
experiment was made upon a length of only one quarter of a mile; 
and the exceedingly small fraction of time required by electricity 
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to traverse this short distance (amounting to only zyz4505 Of one 
second) became distinctly measurable by the relative displace- 
ment which it produced in the images of two sparks, formed in a 
rapidly revolving mirror. Hence the hasty conclusion was 
adopted that the velocity of electricity was 288,000 miles per 
second. The immense discrepancy between this result and those 
afterwards reached by experiments on land and ocean lines of tele- 
graph could not be overlooked, and an explanation was sought in 
the different tensions of friction and voltaic electricity. This ex- 
planation was unsatisfactory because direct experiments on tele- 
graph wires appeared to indicate that the velocity of electricity 
was independent of the strength of the battery. The discrepancy 
itself vanishes, or changes its character, when attention is given 
to the law that the transmission time of electricity is proportional 
to the square of the distance. Wheatstone’s experiment simply 
proved that electricity will go through one-quarter of a mile of 
wire at the rate of 288,000 miles per second, and that it would 
pass over only 268 miles of similar wire in one second. Now this 
is a much smaller velocity than is found by experiments on either 
land or ocean lines of telegraph ; the reason being, probably, that 
in the inferences from Wheatstone’s experiment no account has 
been taken of the intervals of air which separated the different 
branches of the conducting wire. 

The theoretical law, already stated, viz.: that the transmission 
time increases with the square of the velocity, has been verified 
experimentaliy by Gaugain. He used two threads of cotton, each 
of which was 1°65 meters in length. When tried separately, the 
transmission time on each was eleven seconds. When they were 
placed end to end, so as to double the length, the time was forty- 
four seconds. 

As Wheatstone’s experiment on the velocity of electricity has 
never been repeated, and as direct experiments upon telegraph 
lines are not numerous and are not likely to be rapidly multipled, 
and have not been hitherto very harmonious in their results, some 
other indirect method of conducting the investigation may be 
found of scientific value. For this purpose, I have availed myself 
of Lissajous’ method of compounding the rectangular vibrations 
of two tuning forks, and amplifying the resultant motion, by the 
twice reflected beam of light, which afterwards enters a telescope. 

The tuning forks and telescope are permanently fixed to a base- 
board, so as to preserve their adjustment. Each tuning fork is 
provided with an electro-magnet, in order to maintain its vibra- 
tion for a long time. The tuning forks, when vibrating independ- 
ently, are nearly in unison, each making about 128 vibrations in 
one second. When the electro-magnets are brought into action, 
by a voltaic current circulating continuously through them and a 
standard tuning fork, furnished with an electro-magnet and a 
break-circuit attachment, the first two forks are forced into exact 
unison with the standard, and, therefore, with each other. Under 
these circumstances, the resultant orbit seen in the telescope is in- 
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variable. If the instrumental corrections for the two electro-mag- 
nets are equal, this orbit will be the first of the series for the 
unison; that is, an oblique straight line. If this is not the case, 
it will be convenient to make it so, by introducing resistances at 
the proper place in the circuit. Then, the apparatus is ready to 
be put to the work of measuring the velocity of electricity. An 
additional length of resistance coil is introduced, sufficient to 
change the orbit to some other in the series. The best one to 

select is the straight line which inclines in the opposite direction. 
The new orbit proves that one of the forks begins a vibration by 
half a period behind the other fork; which, in this particular case, 
is st, of one second. This fraction of a second is the transmis- 
sion time for the passage of the current through the additional 
resistance coil. Unison forks of higher pitch would register 
smaller fractions of time. So would also forks, in which the ratios 
of vibration were less simple; but the orbits would be more com- 
plex and could not be observed with the same precision as the 
straight lines. 

I have perfected the apparatus, just described, to such an ex- 
tent as to feel assured of its adaptation to the purpose which has 
been specified. But I wish to make a larger number of observa- 
tions, upon different lengths of resistance and under various com- 
binations, before I give numerical results. I propose, hereafter, 
to subject in this way to experimental trial, the theoretical law 
that the transmission time increases with the square of the dis- 
tance, and that the velocity is inversely as the distance. If this 
law holds ood, the unit time and the unit velocity may be found 
for a unit distance, or a unit resistance, and then the time and the 
velocity can be computed for any other distance or resistance. 
This unit time and unit resistance must be accurately calculated 
from a combination of all the results of the various experiments. 
It is also desirable to ascertain the time and velocity for coiled 
and uncoiled, for naked and covered conductors; as also for air 
lines and ocean lines. It is to be observed that, in all cases, the 
time and velocity ascribed to the passages of the electricity apply 
to that amount of electricity which is required to work the receiv- 
ing instrument. 


SCIENTIFIC INTELLIGENCE. 


I CHEMISTRY AND PuysiIcs. 


1. Problems in Chemical Dynamics.—In continuing his valua- 
ble researches in thermo-chemistry, BERTHELOT has developed 
some important facts in chemical dynamics. He finds that 
sodium butyrate when crystallized contains three molecules of 
water, all of which it loses in a dry vacuum or when heated - 
110° C. The last half molecule of water is very persistent ; 
that by careful management, a definite hydrate of this pce 
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can be isolated. If now, these salts be dissolved in 120 parts of 
water at 6°, the anhydrous salt dried at 110° sets free 4°27 calo- 
ries, the same salt dried in a vacuum 4°21 calories, the lower hy- 
drate 3°66 calories, and the ter-hydrate 3°44 calories. Hence (1) 
the anhydrous salt is identical, however dried ; and (2) heat is set 
free when a salt already abundantly hydrated, is dissolved in 
water. From the above numbers also, it appears that the union 
of the half molecule of water (liquid) with one molecule of the 
anhydrous salt sets free 0°58 calory ; while the subsequent union of 
this with the two and a half other molecules of liquid water, sets 
free only 0°22 calory. If these values for liquid water be con- 
verted into those for water in the solid state by subtracting from 
them the heat of fusion of water, 0°715 for each half molecule, then 
the curious fact appears that the union of the first half molecule 
absorbs 0°135 calory, that of the subsequent two and a half 3°55 
calories, while that of the three together is 3°49 calories; or in 
other words the union of solid water to solid sodium butyrate to 
form a crystallized hydrate, causes a considerable absorption of 
heat, contrary to the general fact. Consequently it is clear that 
the formation of hydrated sodium butyrate at a temperature at 
which water is liquid, i. e., above zero, must be attended with the 
evolution of heat, while the same hydrate produced with solid 
water, below zero, would cause an absorption of heat in its produc- 
tion. Berthelot calls attention to the change of sign in the heat- 
relations produced by combination at different temperatures as be- 
ing a fact of the same order as that observed in allotropic ele- 
mental changes, such as for example, those of sulphur. The 
thermic relations then of allotropic changes of state are thus 
closely approximated to those of a chemical reaction properly so 
called ; the stability of the bodies formed being intimately related 
to the changes of sign in the heat-relations attending their trans- 
formation.— Ann. Chem. Phys., V, vi, 433, Dec., 1875. G. F. B. 

2. Action of Light on Silver Bromide, colored and uncolored. 
—H. VocEt has given a resumé of the results of his recent experi- 
ments upon the chemical action of light upon silver bromide both 
pure and when mixed with some coloring matter. He finds: (1) 
that pure silver bromide shows by sufficiently long exposure to a 
strong light, a sensitiveness even to the ultra-red rays—having ob- 
tained plates showing not only the line A but a line beyond this, 
at a distance equal to that between A and B. Silver chloride is 
also sensitive as far as A and silver brom-iodide even beyond. 
(2) To the substances already mentioned, which increase the sensi- 
tiveness of silver bromide for the special rays which they absorb, 
may be added methyl-violet and cyanin, the latter increasing re- 
markably the sensitiveness for the orange. (3) In place of putting 
the coloring matter into the collodion as iestpaatiy, Vanek now pre- 
fers to flow the previously prepared plate with an alcoholic solu- 
tion of the coloring matter which is then allowed to dry. (4) Ex- 
periments are necessary to determine the strength of these alco- 
holic solutions, since when they are too strong, the light is seri- 


216 Scientific Intelligence. 


ously weakened before reaching the collodion. If, however, the 
prepared plate be exposed to the spectrum from the back side, this 
difficulty will be avoided. Moreover, in this way the action of im- 
perfectly transparent coloring matters m may be tested.— Ber. Berl. 
Chem. Ges., viii, 1635, Jan., 1876. G. F. 3. 
3. Corrosion of Platinum Stills by Sulphuric Acid.—In 1862, 
Scuevrer-KestNER communicated to Dr. Hofmann the results 
obtained by him in concentrating sulphuric acid in stills of plati- 
num, which were published by the latter in his Report. The 
figures there given having been criticised as exaggerated, the 
author now publishes further facts upon this question. From 
1851 to 1861, 4309 tons of sulphuric acid were concentrated to 
66° B, in an "alembic, the body of which weighed 40 kilograms. 
The entire loss of this part of the still was 12295 grams or 2°859 
grams for each ton of acid. To destroy the nitrous products 
which were the cause of this large loss, ammonium sulphate was 
added in amount just sufficient ‘for the purpose. In 1862, 1843 
tons of acid were concentrated in the still, with a loss of 2490 
grams; being 1°22 grams of platinum for each ton of acid, a 
marked decrease. From 1864 to 1875, 17516 tons of acid (of 
1000 kilograms each) were concentrated ‘to 66° in a still the body 
of which weighed 50 kilograms. The acid contained no nitrous 
compounds, and only sulphurous acid. The loss of the still was 
16178 grams, or 0°925 grams to the ton of acid. To produce 
acid therefore of 66° 1B. containing 94 per cent H,SO,, there is a 
loss to the still per ton of acid of one gram when nitrous com- 
ounds are absent, and of 2} to 3 grams when they are present. 
These numbers are much increased however, by carrying the con- 
centration above 66°. In astill weighing 30 kilograms, 180 tons 
of acid were produced, containing 97-98 per cent real acid. The 
still lost 1092 grams platinum, or 6°07 grams per ton of acid. In 
producing 47 tons of acid of 994 per cent, there was a loss of 8°80 
grams platinum per ton of acid. An analysis of the acid itself 
showed 8°38 grams of platinum to the ton, in solution in it. To 
the figures here given for the loss of the body of the retort, about 
13 per cent should be added for the other parts, It appears then 
that this loss of platinum in concentrating sulphuric acid is actual, 
and that it is a chemical not a mechanical one. The use of a 
platinum-iridium alloy for the stills prevents to a large extent this 
action, but the brittleness and consequent fragility of the alloy is 
a serious objection to it.— Bull. Soe. Ch., Il, xxiv, 501, Dec., 
1875. G FB 
4. Production of a Secondary Hexyl Alcohol.—OxcusNneR DE 
Conrncx has studied the products obtained by the hydrogenation 
of ethyl-butyryl, a mixed acetone discovered by M. Friedel 
among the products of the dry distillation of calcium butyrate. 
To obtain the ketone, two kilograms of this salt were distilled in 
portions of 150 grams, and gave 660 grams of distillate, which 
when fractionated yielded a little butyral, considerable methy]- 
butyral, 80 grams of a limpid highly refractive liquid of a strong 
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ethereal odor, boiling at 122°-124°, which analysis showed to be 
ethyl-butyryl, and a considerable quantity of butyrone. To 
hydrogenate this mixed ketone, a layer of water was placed in a flask, 
and on this the ketone was placed. On adding sodium in frag- 
ments, these sank through the upper layer, came in contact with 
the water, evolved hydrogen and rose through the ketone again, 
and so on. On fractioning, a limpid mobile highly refracting 
liquid passed over at 134°, which had an agreeable ethereal odor 
and a burning taste, and which afforded on analysis the formula 
C,H,,0. Hence it is a hexyl alcohol, and since it is formed by 
the fixing of hydrogen on ethyl-butyryl ketone as isopropyl alco- 
hol is from acetone, it is a secondary alcohol. The reaction is 
expressed as follows :— 


C,H, C,H, 
CO “+H,= CHOH 
C,H, C,H, 


Isohexyl] alcohol is soluble in ethyl alcohol and ether, scarcely in 
water. Its density at 20° is 0°81825, it etherifies readily with 
hydriodic acid, yielding an iodide boiling at 164°-166°, and an 
acetate boiling at 149°-151°. Beside this alcohol, an oily liquid 
was obtained in the distillation after treatment with sodium 
which boiled at 252°-255°, and had the composition C,,H,,Q,. 
Investigation showed it to be a pinacone produced by the union 
of two molecules of the ethyl-butyryl, with a fixation of an atom 
of hydrogen on each. Its formula is— 

H C,H, 

HOC—COH. 

H, 
Treated with sulphuric acid, and fractionated, it yielded on 
analysis numbers indicating a mixture of a pinacolin and a hydro- 
carbon, but the quantity was too small to effect their separation.— 
Bull. Soc. Ch., Ul, xxv, 7, Jan., 1876. G. F. B. 

5. On Rosolic Acid.—GraxEBE and Caro have made a more 
complete investigation of the acid which Wanklyn and Caro 
obtained from rosaniline by converting it into the diazo-compound 
and then decomposing it by water, with a view to throwing some 
light upon the constitution of rosaniline itself. This acid, which 
had been called rosolic acid, was supposed to be identical with a 
substance obtained by the action of oxalic acid on phenol, by 
Kolbe and Schmitt. But this latter product was shown by Dale 
and Schorlemmer to be a mixture, and they isolated from it a 
coloring matter which they termed aurin, and Fresenius separated 
a second substance which he termed corallin. Graebe and Caro 
propose therefore to retain the name rosolic acid for the rosani- 
line derivative. The rosolic acid was prepared by the method 
given above and gave on analysis the formula C,,H,,O,. It 
forms ruby-red crystals with a green reflection, is soluble in hot 
alcohol, glacial acetic acid and ether, insoluble in benzine and 
Am. Jour, Scr., THIRD — XI, No. 63.—Marcga, 1876. 
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carbon disulphide, slightly soluble in water. It acts like a weak 
acid, the ammonia salt crystallizing in needles. By reducing 
agents it is converted into hydro-rosolic acid, and by KCy into 
hydro-cyan-rosolic acid. Acid alkali sulphites dissolve it to a col- 
orless solution. Oxidizing agents convert it into a minium-red 
substance. By heating with acetic oxide no acetyl-derivatives 
are produced. Warmed in alkaline solution with zine dust, leuco- 
rosolic acid is obtained in colorless silky crystals. This yields a 
triacetyl derivative. Triacetyl-hydrocyan-rosolic acid, tetrabrom- 
rosolic acid, tetrabromleucorosolic acid and hydrocyantetrabrom- 
rosolic acid are described, and the analogy of this body to the phtha- 
leins in this respect is noted.—Liebig’s Ann., clxxix, 184, Nov., 
1875. G. F. B, 
3. On the Synthesis of Betaine—Betaine (or oxyneurine as it 
is also called) is known to be a tri-methylated glycocoll. Gnrixss 
has succeeded in effecting a new synthesis of it by acting on an 
alkaline solution of glycocoll with methyl iodide. ‘The glycocoll 
(one atom) is dissolved in an excess of concentrated potassium 
hydrate solution, the methyl iodide (three atoms or more) is 
added, and as much methyl alcohol as is needed to make a homo- 
geneous mixture. Soon a reaction sets in, the mixture becomes 
acid and alkali must be added. The liquid is neutralized with 
hydriodic acid, the methyl alcohol distilled off, the residue diluted 
and a solution of iodine in hydriodic acid added. On standing, 
blackish-brown brilliant needles of betaine periodide separate. 
These suspended in water and treated with H,S afford pure 
betaine hydriodate, from which the other salts and the free base 
can be easily prepared.—Ber. Berl. Chem. Ges., viii, 1406, Nov., 
1875. G. F. 
7. A New Acid isomeric with Alizarin.—Scuunk and RoEMER 
have discovered in the commercial alizarin made by Perkin in 
London an acid of the formula C,,H,O,, isomeric not only with 
alizarin itself but also with anthraflavie acid. From alcohol it 
crystallizes in long brownish-yellow needles. It is soluble in 
baryta water with a dark red color, but possesses no coloring 
properties. The authors are engaged in studying it more thor- 
oughly.— Ber. Berl. Chem. Ges., vili, 1628, Jan., 1876. G. F. B. 
8. On the Constitution of Acids and Salts —Brrtue vor has 
given a resumé of his results obtained by a thermo-chemical in- 
vestigation of the composition of acids and salts when in solution, 
which affords a ready method for their classification. According 
to his experiments, the relative energy of acids and bases may be 
measured by the inequality of decomposition of their salts by 
water, added in gradually increasing amount ; this decomposition 
being indicated by the amount of heat absorbed or evolved. 
Thus in the first class are placed strong acids and bases. These, 
when dissolved separately in water and mixed in equal equiva- 
lents, form stable neutral salts, and set free a quantity of heat 
nearly constant for all the bodies of this class, and which does not 
vary when more water is added, nor by the addition of more of 


| 

| 
a 

1] 

| 
} 


Chemistry and Physics. 219 


the same or of another base. To this class belong the chlorides, 
nitrates, and normal sulphates of the fixed alkalies. In the second 
class of acids and bases, Berthelot places those which are decom- 
posed by water progressively, the decomposition increasing with 
the amount of water added. Sometimes this increase is continuous 
either indefinitely, or possessing a definite limit. To this class 
belong borates, carbonates, cyanides, sulphides, alkali phenates, 
acetates, butyrates and valerianates. Sometimes the decomposi- 
tion takes placed in its entirety by the first portion of water 
added; so that the thermometer shows an absorption of heat 
nearly equal to that which is evolved in the original formation of 
the salt. Such are the salts formed by the alkalies with alcohol, 
glycerin, mannite, etc. Of course the decomposition by water is 
the more marked when the base is also feeble, like the oxides of 
the heavy metals. In this case, the decomposition is apparent 
even with acids of the first class.) Even ammonium salts with 
strong acids are thus decomposed, though to a less degree than 
when the acid is weak. The author draws the conclusion that in 
solution, strong acids always unite with strong bases, leaving the 
feebler members to each other. To account for the stability of 
the alkali-salts of strong acids, he supposes that the formation of 
definite hydrates by the union of water with the acid and the base, 
taken separately, under the conditions of the experiment, sets free 
a total amount of heat which is less than that evolved in the for- 
mation of the normal salt itself. So, reciprocally, if the alkali-salts 
of feeble acids are decomposed by water, the reason is to be found 
in the excess of the thermic effects due to the formation of 
hydrates over those which result from the formation of the normal 
salt. Several of the many important considerations which flow 
from this hypothesis are given at length in the paper.—C. &., 
Ixxxi, 844, Nov., 1875. G. F. B 

9. Division of an Acid among several Bases.—M. BrertuE.or 
has endeavored to solve the question whether, if an acid is present 
with several bases, it will unite with one, or be divided among 
them. Berthollet believed that each base would take an amount 
of the acid determined by its capacity for saturation and its quan- 
tity; for equal weights that each body would take an amount in- 
versely as its equivalent: or, if the bases were employed in 
amounts proportional to their atomic weights, each would take 
half the acid. Gay Lussac believed that a complete mixture took 
place, and that the salts were formed only when separated by 
their insolubility, crystallization or volatility. To test these 
views, two bases were selected which disengaged an unequal 
amount of heat in uniting with the same acid. Thus mixtures of 
equivalent weights of chloride of ammonium and caustic soda 
were mixed. ‘The difference in this case of the two bases would 
equal 1°12 units of heat. Were the theory of Berthollet correct, 
half of the acid should go to the soda setting free 56 units of 
heat. Other divisions of the acid might set free any quantity 
from 0 to 1°12, According to Gay Lussac there should be no 
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eneration of heat, or at least the amount should be uncertain. 

inally, if all the acid passed over to the soda, the amount of 
heat set free should be 1:12. The amount actually observed 
equalled 1:07, which as the probable error is +°04, evidently sen- 
sibly equals 1°12. The very small difference of ‘05 is also ex- 
plained by the purely physical action exercised by ammonia on a 
solution of chloride of sodium. In fact a mixture of the same 
quantities of ammonia water and chloride of sodium absorbs +05 
units of heat. Similar effects are also obtained by replacing the 
chloride by the nitrate or sulphate, or by using potash instead of 
soda. Not only can ammonia be replaced by soluble bases such 
as potash or soda, but even by those which are insoluble, such as 
lime. According to Berthollet there should be a division at first, 
then a precipitation of the lime, and so on until it was wholly 
separated, But this effect is not produced, the lime is not pre- 
cipitated but dissolved in the chloride of ammonium. To deter- 
mine the real nature of the reaction a certain amount of lime was 
precipitated from the chloride by soda; 1°18 units of heat were 
thus absorbed. It was then dissolved by chloride of ammonia 
when 2°24 units of heat were disengaged. But in the latter opera- 
tion the solution of the hydrate of lime by the ammonia should 
give out 1°10 units of heat; and the redissolving of the lime 
should give out 1°10, or in all 2°20, which agrees closely with 2°24, 
the observed amount. Again, the total heat set free, —1°18-+4-2°24 
=1°06 is very nearly equal to 1:07, the amount set free in the 
previous experiment by the direct action of the soda on the chlo- 
ride of ammonia, These facts and measures prove that the double 
salts and the change of the solvent are not the cause of the phe- 
nomena; while they are completely explained by the complete 
substitution of the lime, a nearly insoluble base, by the ammonia, 
a soluble base. We see therefore that this substitution may take 
place contrary to the laws of Berthollet.—Ann. Chim. et Phys., 
vi, 662. C. P. 

10. A new Pyrheliometer.—M. A. Crova has measured the cal- 
orific intensity of the solar radiation and its absorption by the 
atmosphere of the earth. With the pyrheliometer of Pouillet it 
appeared that the indications varied with the method of preparing 
the surface. If the silvered chamber containing the water is sim- 
ply covered with one or more coatings of lampblack, a portion of 
the heat after passing through the coating is reflected by the 
metal and thence passes out through the lampblack which is 
diathermanous. The absorption is rendered more complete by 
employing an absorbing layer which is wholly metallic. A rough 
layer of copper is omy galvanically on the box and on this 
a layer of Tethonen ack. A large thermometer having a bulb 


40 mm. in diameter and a tube 300 mm. long replaces the ordi- 
nary silvered box. The bulb is covered with silver, copper, plati- 
num, and finally with a thin coating of lampblack. The tube 
ends with a second bulb containing a little mercury, which may 
be introduced as an index into the tube. This thermometer is 
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introduced into a hollow brass sphere polished without and black- 
ened within, and having an aperture 30 mm, in diameter through 
which the sun’s rays penetrate. The observation of the heating 
after numerous corrections gives with great delicacy the relative 
heat of the sun at different times.— Comptes Rendus, |xxxi, 1205. 
P. 
Ll. Thermal Kquivalent of Magnetism.—M. A. Cazin has pub- 
lished in full a series of experiments on the relations of heat and 
magnetism. In the first portion of the memoir three methods are 
described of measuring the relative values of the heat created by 
the disappearance of magnetism, in the core of an electro-magnet., 
The second section demonstrates several laws of the magnetic 
heat developed, and shows that this heat is really due to the dis- 
appearance of the magnetism. But in the induction of the core 
on the coil, and of the coil on itself} causes of heat are found 
which should be allowed for. The fundamental law deduced 
from these experiments is, that the disappearance of magnetism 
in the core of & bar electro-magnet having two poles is accom- 
panied by the creation of a quantity of heat Q proportional to the 
polar interval ¢, and to the square of the quantity of pps 
magnetism mm which the core acquires when the circuit is closed. 
The product m7 is a magnitude of the same kind as the quantity 
of heat Q and may be called the magnetic energy. The ratio 
Q 
tion the value of Q is determined in units of heat while the effects 
of induction are inconsiderable. The first series gave as a mean 
of five experiments while the spark was broken in all 110600000, 
as the magnetic equivalent. A second more reliable series with 
the spark broken in ether gave 106000000, Both are a little too 
great because the induced current on breaking the circuit is not 
zero, Hence, probably the true value does not differ materially 
from 100000000,— Ann. Chim. et Phys., vi, 493-554. P. 
12. Leyden Jar Requlator.—Protessor McLtopn at a recent meet- 
ing of the Physical Society showed an arrangement for ensuring 
that the charge given to a Leyden jar shall not exceed any fixed 
limit. Through a cork in the upper end of a bell-glass passes a 
brass rod, insulated through its entire length by a glass tube, 
through which it passes freely. To the upper end is attached a 
brass knob, and the lower end is pointed and provided with a 
screw thread, so that it can be set at any distance within, or 
through, a hollow brass ball, perforated below and rigidly fixed 
to the glass tube. Within the bell-glass is a loose cage of perfor- 
ated sheet zinc and a vessel containing strong sulphuric acid. The 
whole stands on a metallic plate to secure a good earth connec- 
tion. The action is as follows: if the rod be screwed down so 
that the point projects through the hollow ball, the upper knob 
and the lower metallic plate being connected with the two poles 
of a Holtz machine, only short sparks can be obtained, because a 
large amount of electricity escapes at the point; but if the rod 


will be the mechanical equivalent of heat. In the third see- 
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be raised so that it barely enters the hollow ball at the top, no 
escape takes place from it, and the machine will give its full 
length of spark. By varying the position between these two 
extreme limits, any required length of spark or amount of charge 
for an interposed Leyden jar can be obtained.— Nature, xiii, 140. 
E. ©. P. 

13. Report to the Philosophical Society of Glasgow on the Pro- 
duction of Nitric acid from the free Nitrogen of the air. Part I. 
By E. M. Dixon. 18 pp. 8vo. Glasgow, 1875.—The author first 
discusses the researches connected with ozone made by Schénbein, 
Marignac, De La Rive, Baumert, Prof. Andrews of Belfast, and 
others, and states, as the accepted conclusion, that ozone is the 
only allotropic form of oxygen, in other words that antozone has 
no existence. The report then considers the production of nitric 
acid through the agency of ozone; four alleged methods of which 
are mentioned, viz.: (1) by contact of nitrogen or the atmosphere 
with bodies undergoing oxidation; (2) during electrical discharges 
in the air; (3) the combining of ozone with nitrogen in the pres- 
ence of water; (4) through the evaporation and condensation of 
water in the air. The consideration of nitrification by the jirst 
method is pronounced to be as yet doubtful, but the consideration 
of it is deferred to the second part of the report. With regard to 
the second and third methods, it states that there is clear proof 
of the fact that the electric spark is capable of effecting the com- 
bination of oxygen and nitrogen in a dry mixture of these gases; 
but that there is little or no doubt that nitrification does not occur 
in nature from the action of ozone upon the nitrogen of the air; 
and that the production of peroxide of hydrogen in nature, as 
shown by Engler, Nasse, Carius, Schéne, must be ascribed to some 
other cause than the action of ozone upon either aqueous vapor 
alone, or upon it and nitrogen together. 

Upon the fourth method, the report remarks as follows: “In 
1862 Schénbein announced the fact that, if water is partially 
evaporated in the air, the residue contains nitrite of ammonia, and 
that the same salt is to be found in the water formed by the con- 
densation of vapor in air. Of these facts there is no doubt. 
Schénbein, however, without ascertaining whether the salt in 
question did not exist ready formed in the air employed in his 
experiments, rushed to the conclusion that it must have been 
formed during these experiments, by the combination of free 
nitrogen with water. Obvious as the precaution indicated now 
seems to be, it must also be said that it does not appear to have 
occurred at the same time to any one else; and some, while ac- 
cepting Schénbein’s explanation of the production of nitrite of 
ammonia from free nitrogen and water, even thought to contest 
his claim to all the merit of having discovered so remarkable a 
property in free nitrogen. The following quotation from a re- 
cently published volume, by lr. T. Sterry Hunt, entitled Chem- 
ical and Geological Essays, will show that he still claims a con- 
siderable amount of credit for having predicted, on theoretieal 


{ 

| 

{ 

/ 

| z 
| 

| 


Chemistry and Physics. 228 


grounds, the possibility of producing nitrite of ammonia from free 
nitrogen and water, and for having framed thereupon a theory of 
nitrification. 

“*On September 15, 1862, I read before the French Academy 
of Sciences a note on The Nature of Nitrogen, and the Theory of 
Nitrification, published in the Comptes Rendus of that date, and 
translated in the Philosophical Magazine for January, 1863, in 
which I repeated the points above given, and then proceeded to 
consider the results announced by Schénbein in 1862. I said, 
“The formation of nitrite of ammonia by the combination of nitryl 
NN with H,0, must necessarily be limited to very minute quantities 
by the instability of this ammoniacal salt which, as is well known, 
decomposes readily into nitrogen and water. In order, therefore, 
to produce any considerable quantity of a nitrite by this reaction, 
there is required the presence of active oxygen, or of a fixed base 
to separate the ammonia. The recent experiments of Schénbein 
have furnished new evidences of the direct formation of a nitrite 
at the expense of the nitrogen of the atmosphere. According to 
him, when sheets of paper moistened with a feeble solution of an 
alkali, or an alkaline carbonate, are exposed to the air, especially 
in the presence of a watery vapor, and at a temperature of 50° or 
60° C., the alkaline base soon fixes a sufficient quantity of nitrous 
acid to give the characteristic reactions. Appreciable traces of 
nitrite are, according to Schénbein, obtained in this way, even 
without the intervention of an alkali. He, moreover, found that 
distilled water, mixed with a little potash or sulphuric acid, and 
evaporated slowly at a temperature of about 50° C. in the open 
air, fixes in one case a small portion of ammonia, and in the other 
a little nitrous acid. Traces of a nitrite are also formed in pure 
water under similar conditions. Schénbein explains all these re- 
sults by the combination of nitrogen with the elements of the 
water, producing at the same time ammonia and nitrous acid. As 
he has well remarked, this reaction serves to explain the absorp- 
tion of nitrogen by vegetation, and through the oxidation of 
nitrite, the formation of nitrates in nature. By these elegant 
experiments he has confirmed, in a remarkable manner, my theory 
of nitrification, and of the double nature of free nitrogen. It is, 
however, evident that since the publication of my note of March, 
1861, above referred to, we cannot say with Schénbein that the 
generation of nitrite of aramonia from nitrogen and water is ‘a 
most wonderful and wholly unexpected thing.’ ” 

“Tt is, however, unfortunate for Dr. Hunt’s theoretical anticipa- 
tions that no sooner did experimentalists begin to purify the air 
that they used in repeating Schénbein’s experiments, than the 
production of nitrite of ammonia suddenly stopped. The experi- 
ments of Bohlig and, more recently, of Carius, show that neither 
during the evaporation of water in air, nor during the condensa- 
tion of its vapor, does a trace of nitrite of ammonia manifest itself. 
The experiments of Carius are especially decisive on the point, as 
they were both numerous and most carefully performed. The 
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verdict here, then, is very clearly adverse to the statements that 
have been made regarding the evaporation of water and the con- 
densation of aqueous vapor as sources of nitric acid,” 

14. On the Electrical Conductivity of Stretched Silver Wires ; 
by J. G. MacGrecor, M.A., B.Se.—A_ paper on the above sub- 
ject, communicated by Prof. Tait to the Royal Society of Edin- 
burgh on the 3d of January, contained a description of a series of 
experiments, conducted by the author to find the effect of stretch- 
ing on the conductivity of silver wires. ‘The wires were stretched 
by weights. The measurements of resistance were made by 
means of a Wheatstone’s bridge, the wire under examination be- 
ing joined up as one of its arms. The dimensions of the wires 
before and after stretching, were determined by means of cathe- 
tometer observations and specific gravity determinations. The 
increase in length and decrease in thickness of the wires, caused 
by stretching, must of course be attended by a corresponding 
increase in their resistance. The question to be determined was 
whether there was not also a change produced in their resistance 
by the change produced by stretching in their molecular state. 
To get this effect, if it should be present, at its maximum the 
wires were heated to just below the melting point before the 
weights were hung on, The results were such as to warrant the 
statement that if any such change is produced it must be very 
slight, the difference between the resistances before and after 
stretching being (when that due to change of dimensions had 
been allowed for) so small as to be within the limits of observa- 
tional error. No former determinations of this kind have been 
made for silver wires. For copper, iron and steel, Mousson has 
found that the change in resistance is not completely accounted 
for by the change in dimensions. In another respect also silver 
appears to differ from copper wires. Meik and Murray have 
found that the total increase in the resistance of copper wires, due 
to stretching, is directly proportional to the weights by which 
they are stretched. Some of the experiments of this paper show 
that this is not the case for silver wires. 

15. The Nature of Light, with a general account of Physical 
Optics ; by Dr. Evgenr Lammst, Professor of Physics in the Uni- 
versity of Erlangen. With 188 illustrations and a plate of spectra 
in chromolithography. No. xviii of the International Scientific 
Series.— This is a very excellent popular treatise, intended to afford 
an answer to the question “ What is the Nature of Light?” <A 
mathematical treatment of the subject is avoided in the text, but 
simple and concise analytical discussions of the more important 
topics are given in appendices to the different chapters. It is illus- 
trated with numerous wood-cuts, many of which are novel and in- 
geniously devised, but most of them would have been more effec- 
tive had they been engraved in a style worthy of the book. The 
work is an admirably clear and well arranged exposition of its sub- 
ject, and is, in the main, well translated. 
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16. Manual of Introductory Chemical Practice, for the use of Stu- 
dents; by GrorcE C. Catpwe t, §.B., Ph.D., Professor of Agri- 
cultural and Analytical Chemistry, and Abram A, BreNneMan, 
8.B., Assistant Professor of Applied Chemistry in Cornell Univer- 
sity, Ithaca, N. Y. Published by the authors. 124 pp. 12mo, 
1875.—This manual is an experiment on the part of the authors in 
a novel mode of chemical instruction, devised by them, with a 
view to cultivate on the part of the student habits of careful 
observation, attention to and appreciation of phenomena, and the 
deduction of legitimate results. In short it seeks to make the stu- 
dent his own teacher by simple synthetic or analytic experiments, 
and to lead him on by easy steps to an understanding of principles 
and of chemical philosophy—in a way unattainable from text- 
books alone. The student is required to give his results and con- 
clusions in writing, an excellent way to secure accuracy and con- 
ciseness of statement. He is presumed to be in attendance on a 
course of experimental lectures, and to be reciting at the same 
time from a text-book. The work bears marks of careful prepara- 
tion. 

17. Note on the Electrical Conductivity of Saline Solutions ; 

by J. G. MacGreeor, M.A., B.Sc., Communicated to the Royal 
Society of Edinburgh, May 17, 1875; by Professor Tarr (Proce. 
toy. Soc. Edinb., 1875, 545.)—This note is a reply to criticisms 
by Professor Beetz published in the Sitzungsberichte of the Ber- 
lin Academy (and in Poggendorff’s Annalen) on a paper of Mr. 
MacGregor’s published in the Transactions of the Edinburgh 
Royal Society, xxvii, pp. 51-70. Mr. MacGregor shows that the 
criticisms are based in part on a misunderstanding of his paper 
and of his method of experimenting. 


II. GEOLOGY AND MINERALOGY. 


1. Supposed Agency of Ice-Floes in the Champlain Period ; 
by Professor A. WincHELL, Syracuse, N. Y.—I have lately dis- 
covered some new instances of huge limestone masses, anomalously 
detached from the formation to which they belong; and have em- 
braced references to localities, in a paper read before the American 
Association at Detroit. These are masses of Carboniferous lime- 
stone from 10 to 60 feet in length and often of unknown thickness, 
floating in the sands of Oceana county, apparently 100 or 200 feet 
above the bed rock. Some of these, I feel constrained to believe, 
must be genuine exposures of the formation, in place; but others, 
by being worked out, or by their downhill dip, far exceeding, and 
disagreeing with, the normal dip of the formation, are demonstra- 
bly dissevered and displaced portions of it. For example, one re- 
gion of exposures of this class in the town of Claybanks, is within 
half a mile of the shore of Lake Michigan, where we have a bluff 
250 feet in height, and attaining, a few rods back, an elevation of 
275 feet, serving as a station of the U. S. Lake Survey. The vicin- 
ity, for miles around, is elevated 250 to 300 feet above the lake. 
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But the section of materials exposed in the bluff upon the lake shore 
is wholly Post-tertiary. It consists of intimately mingled sand and 
clay, confusedly stratified above, horizontally stratified lower down, 
and followed downward by an increase of argillaceous material and 
pebbles, interrupted by a bed of howlders, beneath which for 10 feet 
1s a mass of bowlder clay seen above a lake-border talus of ten feet. 
According to the prevailing constitution of the drift of the Penin- 
sula, there should lie, still lower, a thick bed of fine, horizontally- 
stratified clay, with few pebbles, resting on a bottom-sheet of peb- 
bles and bowlders. The drift here is presumably not less than 300 
feet thick. Now it is possible that, 2,500 feet back from this bluff, 
the bed-rock should appear at the surface: but my experience in 
Michigan strongly inclines me to believe that such is not the fact ; 
and that hence, the numerous outcrops near the lake are mere de- 
tached masses, 

We have, then, in Michigan, in regions widely separated, the well- 
established phenomenon of extensive tabular masses of limestone 
floating in the midst of semi-stratified sands, generally believed to 
have been moved and deposited by an aqueous action, which, ob- 
viously, could not have transported at the same time these enor- 
mous tables of rock. We have, in addition, in some parts of the 
State, the evidence that this action was sometimes exerted in a 
northerly direction. Geological theory must attempt to account for 
these facts. 

The generally accepted doctrine of continental glaciation, recog- 
nizes a time when the broad glacier underwent a rapid dissolution. 
The volume of water arising is believed to have been sufficient to 
produce a long-continued, torrential flood, which moved and as- 
sorted whatever detritus existed in its path. Disregarding the 
detrital material, which must have originated from atmospheric, 
pluvial and fluvial action over the preglacial surface, a vast volume 
of detritus must have been originated during the prevalence of the 
glacier, and chiefly through its action. Most of this must have 
rested at or near the bottom of the glacier; but probably no small 
portion had become incorporated with the ice, or intruded into its 
fissures, or deposited upon its back. The first glacial film embraced 
the original projections of the ancient surface, which, with the move- 
ment of the glacier, must have been displaced to become ultimately 
a part of the glacier debris. These and the materials derived from 
sud-clacial detrition must have found their way, to some extent, 
into the bottom crevasses caused by any diminution in the steep- 
ness of the slope down which the glacier moved, and still more 
when, as was often the case, the change of slope became, in realit 
a northward declivity. These ordinary conditions of the conti- 
nental glacier—but feebly represented in the steeper slopes and 
narrowed limits of modern glaciers—must have resulted frequently 
in extensive disruptions of the ice, faintly typified in the pyramids 
and seracs of the Alpine ice-streams. Such upheavals of the lower 
beds—still more, occasional complete overturnings of portions 
of the glacier, must have brought considerable earthy detritus to 
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the very surface of the glacier. In the process of ages, as the ice 
may be supposed to have gradually diminished, through evapora- 
tion, if not through thawing, the superficial earthy material, which 
never evaporated, must have accumulated to a large extent. How- 
ever we account for this fact, every one knows that human bodies 
or other objects, accidentally lost in the glaciers of Mont Blane, re- 
appear at the surface after a series of years, at points some thou- 
sands of feet below. 

I infer, therefore, that the material moved by the diluvial waters 
may have been afforded by some of the interior portions and even 
the surface of the glacier, as well as by the subjacent rock-rubbish. 
I will only add that some portions of the material in and upon the 
ice may have been let down én situ by the slow disappearance of 
the glacier, without having been subjected to the assorting action 
of the glacial torrents.* 

This process is impressively illustrated along the borders of the 
Mer de Glace and other Alpine glaciers; and more instructively 
still in the buried glacier stumps found in the gulches of the Sierra 
Nevada, and elsewhere in the Pacific States. 

I know of no certain evidences, in Michigan, of a Champlain de- 
pression of such extent as to bring the surface of any portion of the 
State below the sea-level. In a district so nearly horizontal, how- 
ever, there must have been a period, before the erosions of the mod- 
ern drainage courses had begun, during which the drainage was ex- 
ceedingly obstructed and slow. The supply of water from the dis- 
solving glacier was greater than could be discharged through the 
forming outlets; and the extensive areas must have lain submerged 
until the deepening of the outlets permitted their drainage. but 
this period was, by hypothesis, that when a geologic winter was 
merging into a geologic spring. There was not yet a summer cli- 
mate; and the annual winter must have congealed the surfaces of 
the surrounding lakes, and arrested the superglacial torrents, if it 
did not materially diminish the flow of the subglacial ones. 

I think the steps of this reasoning safe and sound. But we have 
here an overlooked condition of glacial agency in the natural order 
of sequence, which, it seems to me, is adequate to explain the trans- 
positions of rock-masses to which I have referred. ‘There were re- 
gions in these lakes where rocky formations rose nearly to the sur- 
face, or projected to a slight extent above it. On the freezing of 
the watery surface, these would be firmly embraced in the ice. 
Meantime, as the supply of water is diminishing through the ad- 
vance of the annual winter, the lake subsides. and the frost takes 
hold of the exposed rock at a greater depth. But the annual spring 
and summer return. The supply of water increases, the surface of 
the lake rises and the floating field of ice lifts sheets of previously 
half-disjointed limestone, and floats them in the direction whither 
the current sets or the wind blows. They may be dropped some 

* This idea was first impressed upon my attention by my brother, N. H. Win- 
chell, who has studied the Drift with much assiduity. See his papers in Proc. Amer. 
Assoc., Dubuque Meeting, 1872, and in the “Popular Science Monthly” for June 
and July, 1872. 
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miles northward from their native bed, and may lodge upon an accu- 
mulation of sand moved by aqueous agencies quite inadequate to 
move cubic yards of solid rock. I think that ice floes are capable 
of such work ; and I believe it is not essentially different from work 
in progress in the tracks of Arctic currents in modern times. 

The same agency would have picked up and transported the 
rounded northern bowlders, which we find scattered, also, to some 
extent, through the same sands. 

It could not be expected that the existing configuration of the 
surface of the State should preserve the features which determined 
the existence and boundaries of such local lakes as I have supposed; 
but, after all, are not our existing interior lakelets examples of the 
same, perpetuated by the delay ed erosions of outlets? If it be as- 
serted that neither the less nor the greater lakes are engaged in 
transportation of limestone masses, in our times, it will be a suffi- 
cient rejoinder to remind the reader that the supply of movable 
masses of limestone must ultimately have become exhausted. Still, 
it is not a fact that work of this kind has entirely ceased, as any one 
familiar with the flotsam thrown upon a lake beach will be led to 
admit. 

Nor has time obliterated all traces of that topographical configu- 
ration, which in Southern Michigan may have determined an ice- 
float toward the north. Between Saginaw Bay and the mouth of 
the Grand River is a broad depression, the highest part of which 
rises but 72 feet above Lake Michigan. The southern tier of coun- 
ties in the State presents an elev ation of 300 to 600 feet above Lake 
Michigan. The Corniferous limestone barrier, passing through 
Monroe and Lenawee counties, still maintains an elevation of 100 
to 150 feet above the same lake. Have we not here some vestiges 
of that ancient conformation of the surface which resulted in a north- 
ward drainage into the great channel once intersecting the State, 
and the northward transposition of ice-born sheets of limestone and 
sandstone, wrenched from the elevated barriers in Hillsdale, Lena- 
wee and Monroe counties, and the contiguous portions of Ohio and 
Indiana ? 

2. On the outlet of the Great Salt Lake ; by Professor G. K. 
GiLBERT. (Letter to J. D. Dana, dated Washington, Feb. 4, 1876.)— 
I had not seen Mr. Packard’s paper, when my attention was called 
to it by your letter of the 29th ult. Since he had “not observed 
personally any facts bearing on the subject,” but merely advanced 
the ideas of others, it is not surprising that everything which is 
novel in his paper is erroneous. 

When the water of Great Salt Lake was at its maximum alti- 
tude it carved and molded a beach, which yet remains—a con- 
spicuous monument to its former greatness. Within the circle of 

this beach-line are included also Utah and Sevier lakes. The 
sea of the ancient beach is 970 feet higher than Great Salt Lake, 
about 700 feet higher than Utah lake, and about 550 feet higher 
than Sevier Lake. From the upper beach the water slowly ‘sub- 
sided by desiccation, recording its lingerings in a series of fainter 
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shore-lines. When it had fallen to the level of the divide between 
the Sevier and Salt Lake basins, it was separated into two unequal 
portions. In one of these the evaporation exceeded the inflow 
from rivers, and the subsidence continued ; in the other the inflow 
exceeded the evaporation and the surplus was discharged over the 
divide into the former portion, just as the surplus of Utah Lake is 
now discharged into Great Salt Lake. In the course of time, as 
the climate became drier, this overflow ceased; but not until it 
had carved a channel of some magnitude. The channel is crossed 
by the old overland stage road, and is known as “the Old River 
Bed.” It is doubtless this ancient water-way which has been 
described to Mr. Packard. I am not aware that it has ever been 
determined whether the channel slopes toward Sevier, or toward 
Great Salt Lake; but a consideration of the forms and dimensions 
of the two basins, and of the present relative salinity of the two 
lakes, leads to the belief that it was the Sevier Basin which over- 
flowed into the other. The summit of the divide cannot be far 
above the present level of Sevier Lake. 

In the early part of the field-season of 1872, I crossed the Salt 
Lake and Sevier deserts as a geologist of the Wheeler Expedition, 
and gave especial attention to the beaches and other phenomena 
of the ancient lake. Later in the season my associate, Mr. 
Howell, carried the observations farther south. Our examinations 
were sufficiently thorough to enable us to draw a map of the 
southern half of the old lake, but we found no evidence of an 
outlet in that direction, although we made diligent search. Ac- 
cording to the conjecture of Professor Bradley, and the unpub- 
lished observation of Professor Marsh, the overflow was north- 
ward, and the Columbia River carried the water to the ocean. 
There assuredly was an overflow. 

In the progress report of Lieut. Wheeler’s Surveys for 1872, 
I have expressed the opinion that the humid climate which was 
marked by this inundation of Utah, was preceded by one as arid 
as the present; and that the humidity was a phenomenon of the 
Glacial Epoch. A fuller statement and discussion of the facts 
will appear in the geological volume (now in press) of the reports 
of the Wheeler Surveys; and the accompanying atlas will contain 
a map of the ancient lake. 

8. Second Report of Progress of the Mineralogical, Geological 
and Physicat Survey of the State of Georgia, for 1875; by 
GrorceE Litter, State Geologist. 8vo, 16 pp.—This brief report 
shows a large amount of work done during the past year. The 
several parties have traversed, in all, over 6,000 miles of road, 
making careful examinations and large collections along their 
routes. They have visited 105 out of the 137 counties in the State, 
and a list is given of the minerals, metals and building-stones, of 
economical value, which have been found in 76 of these counties. 

Under the head of Geology, Dr. Little says: “In the North- 
western portion of the State, the coal-formation has been found, 
by Mr. McCutchen, to be somewhat more extensive than observed 
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hitherto. There has also been some addition to our knowledge of 
the fossiliferous iron ore beds. 

“The metamorphic rocks, on the western border of the Cohutta 
mountains, have been found to contain lead, copper and silver; 
while barite has been found at the base in Murray county, and 
large beds of the same near Stegall’s station, in bartow county. 
The relation of the metamorphic rocks in these mountains, as well 
as that in the Biue Ridge and across the Chattahoochee ridge, 
along the Tugaloo and Savannah rivers, to the corresponding 
adjacent parts of Tennessee, North Carolina and South Carolina, 
have been studied, and a regular succession of Potsdam, Quebec 
and Cincinnati rocks found, in alternating bands, while the whole 
of this metamorphic region appears to be of Silurian age. 

“Prof. Bradley reports ‘the extension of the gold-belt over large 
areas not previously recognized as gold-bearing; the determina- 
tion of the age, equivalency and position of nearly every impor- 
tant stratum in the Blue Ridge of Georgia, including the copper 
ores of Fannin and Gilmer, as well as those of Lumpkin and 
Towns, and the corundum belts of Union, Towns and Rabun, 
(with the probable position of the equivalents of these latter in 
Habersham, White, Lumpkin and Dawson,) and the determination 
of numerous levels which affect both the working of large areas of 
the gold-field and the location of projected railroads. The points 
of greatest scientific interest are the identification of the serpen- 
tines, chrysolites, chlorites and steatites of the corundum belts, 
with the magnesian limestones of the Quebec group, (the Knox 
dolomyte of Safford,) and that the underlying schists of the gold- 
belt with the Knox shale of the lower part of the Quebec.’ 

“ Prof. Loughridge has found in the Southern portion of the 
State, that the Cretaceous rocks extend from Columbus nearly to 
Ft. Gaines, affording valuable beds of marl, and that the Tertiary 
rocks continue, from a line drawn from Ft. Gaines via Macon to 
Augusta, over the whole of the Southern counties, abounding in 
deposits of marl and limestone, while the more recent formations, 
of Okefenokee and smaller swamps, afford an unlimited supply of 
marsh muck, which is already being utilized to the great advan- 
tage of crops. 

“We are now prepared, after this preliminary survey, to enter 
upon the detailed, systematic and acurate survey of each county 
in the several divisions of the State; and it is proposed, during 
the next season, to begin this work at three points on the western 
border of the State—one party beginning with Dade county, 
another with Haralson, and a third with Muscogee.” 

We are glad to see that this State, although the last in the 
Union, except Florida, to commence the systematic survey of her 
mineral wealth, is pushing forward the work so well begun last 
year. It has long been needed, and is evidently in good hands. 
The results above noticed are of great interest, and we shall 
look rather impatiently for the detailed reports “ now in prepara- 
tion.” This work in Georgia fills the only blank hitherto existing 
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in our knowledge of the general structure of the Appalachians; and 
its vigorous prosecution promises soon to furnish all the more espe- 
cially desirable detailed information concerning the area within 
that State. 

4. Geological Survey of Illinois, A. H. Worruen, Director. 
Vol. VI. Geology and Paleontology: Geology, by A. H. WorrHEN 
and Assistants, G. C. and E, Cox; Paleontology, 
by O. St. Joun, A. H. Worrnen and F. B. Meex. 532 pp., 
roy. 8vo, with 34 plates. Springfield, Ill., 1875.—This sixth 
volume of the Illinois Geological Report commences with a chap- 
ter, by Mr. Worthen, on the Coal-Measures of the State, which cover 
35,000 square miles, and have a thickness of about 1,400 feet. 
A detailed section, given on pages 2 to 5, includes 16 beds of coal, 
large and small, with intervening marine beds, proving that each 
era of terrestrial vegetation was followed by one of marine sub- 
mergence and abundant marine life. This chapter on the Coal- 
Measures is followed by others on the special geology of several 
of the Counties of the State. 

Part II continues the reports on the Paleontology. The 
Vertebrate portion is by Messrs. St. John and Worthen, and 
the Invertebrate by F. B. Meek. Previous volumes contain 
descriptions and figures of a large number of new Paleozoic 
species of fossil plants, Mollusks, Crinoids, and Fishes, with 
several of Corals, Crustaceans, Myriapods, Scorpions, Insects and 
Amphibians. This new volume adds largely to the new species 
of fishes and Crinoids, and somewhat also to those of Mollusks. 
The contributions of the Survey, through its paleontologists, to 
the departments of fossil fishes and crinoids greatly surpass all 
that have been made by other State Surveys; and those of 
Crinoids are unequalled by the publications of any other country. 
The number of new species of fishes described, from the teeth, in 
this sixth volume alone, is over 100 (divided nearly equally be- 
tween Hybodonts and Petalodonts, with one Cochliodont), and 
besides these there are 45 species of fish-spines. The plates are 
full of excellent figures beautifully engraved. 

Mr. Worthern states that with this volume the series of reports 
closes, the “law-making power ” desiring “to cut off all appropria- 
tions not deemed by them absolutely necessary ;” but that there 
are many fossils yet undescribed, including nearly all the corals 
and bryozoans, and many common fossils. 

The Reports issued make a most honorable exhibit of the 
liberality of the State; yet the fact that the volumes are so full 
and excellent in all respects excites the earnest desire that the 
remaining volume should be issued which would make the series 
complete. 

5. U. S. Geological Survey of the Territories under Dr. F. V. 
Haypen. (1.) Bulletin No. 6.—This new Bulletin contains the 
following papers: (1) An account of the various publications 
relating to the travels of Lewis and Clarke, with a commentary 
on the results of their expedition, by Dr. E. Cougs; (2) Notice 
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of a very large Goniatite from Eastern Kansas, by F. B. Mrgx; 
(3) Fossil Orthoptera from the Rocky Mountain Tertiaries, by S. 
H. Scupper; (4) Studies of the American Falconide: a mono- 
~~ of the Polybori, with five plates, by R. Rrpeway. Dr. 

oues gives a critical review of the spurious and genuine works 
that have purported to give the results of the travels of Lewis and 
Clarke over the Rocky Mountain region, and closes with notes on 
the Zoology of the expedition. The Goniatite described by Mr. 
Meek must have had, he observes, a diameter in one direction of 
sixteen inches; it is a globose species, and is made var. excelsus of 
the Illinois species G. globulosus, M.and W. ‘The fossil Orthopters, 
in Mr. Scudder’s paper, are a cockroach, Homcogamia ventricosus, 
and an earwig, Labidura tertiuria. 

This sixth Bulletin contains a general index to Nos. 1 and 2, 
first series, and Nos. 1 to 6, second series, and thus closes the first 
volume. 

6. Geological Sketches by L. Agassiz. Second series. 230 pp. 
12mo. Boston, 1876. (James R. Osgood & Co.)—Geological 
science owes to Agassiz the first distinct announcement of the 
glacial origin of the northern drift, and also the collection and 
publication of facts from Europe and North and South America 
establishing the truth of his theory. This beautifully printed vol- 
ume contains some of his recent papers on the subject, as they 
were written out, in a popular form, for the Atlantic Monthly. 
‘The chapters treat, severally, of “the Glacial period;” the “ Parallel 
Roads of Glen Roy, in Scotland ;” the “ Ice-period in America;” 
“Glacial phenomena in Maine;” and the “ Physical History of 
the Valley of the Amazon.” They consist of clear and vivid 
descriptions and reasonings from one who had seen the facts and 
scenes he describes, and whose mind was large enough to appre- 
ciate their significance and grandeur. We think that Professor 
Agassiz has attributed too wide a range to the ice-covering of the 
Glacial period in making it extend over the tropics. But if not 
right in this opinion, his chapter, on the valley of the Amazon, 
will still be read with interest and profit. 

7. Geological Survey of Victoria. Report of Progress; by 
R. Broveu Smytu, Secretary for Mines and Chief Inspector of 
Mines for the Colony. No. Il; with Reports by A. W. Howitt, 
R. A. F. Murray, R. Etheridge, Jr., N. Taylor, F. M. Krausé, W. 
Nicholas, G. H. F. Ulrich, J. Cosmo Newberry. 142 pp. Royal 
8vo, with views and sections. Melbourne and London. Also, 
Observations on New Vegetable Fossils of the Auriferous Drifts ; 
by Baron F. v. MvELLER. 32 pp. royal 8vo, with maps and 
plates of figures of fossil plants.—'The earlier Reports of the Vic- 
toria Survey are noticed in vol. ix, (1875) of this Journal. From 
the Report of Mr. Smyth we take the following facts. The area 
of the auriferous grounds of Victoria is about 680,000 acres. The 
mining surveyors report that there are 3,398 distinct auriferous 
quartz veins, which have been investigated, besides many others 
unexplored ; and some have been traced for seven miles. One is 
worked to a depth of 1,000 feet, and another goes down 200 feet 
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below the sea-level and yields more than one ounce per ton. In 
1874, 6,725 tons of auriferous pyrites yielded 18,911 ounces of 
old. 

¥ The vegetable fossils described by Baron F. v. Mueller are 
fruits, of kinds unlike existing Australian species, and all are 
referred to new genera. They come mostly from the auriferous 
drifts at a depth of about 150 feet, and are referred to the “ Plio- 
cene.” They include fruits of Spondylostrobus, cypress-like con- 
ifers; of Zrematocaryon, supposed to be related to the Verbena- 
cer; of Rhytidotheca, allied to Chloroxylon; of Plesiocapparis, 
near Capparis; of Celphina, supposed to be Proteaceous and 
most allied to Helicia of East and North Australia; Odontocaryon, 
not referred to any natural order, the author “ being unaware of 
any existing or extinct genus to which it bears really close resem- 
blance;” of Conchotheca, having fruit like that of Grevillex, but 
not certainly Proteaceous ; of Penteune, a large nut, but of doubt- 
ful relations; of Dieuwne, perhaps related to Capparidee or Pitto- 
sporee ; of Platycotla, of doubtful relations. 

8. Glacier phenomena along the Kittatinny or Blue Mountain, 
in Carbon, Northampton and Monroe Cos., Pennsylvania.—Mr. 
C. E. Hall describes extensive deposits of gravel and bowlders 
south of the Lehigh Gap and along the Lehigh River; and also at 
Wind Gap, and the Delaware Water Gap. Four miles from the 
mouth of Marshall’s Creek, on the road to Craig’s Meadow, there 
are scratches on the Oriskany sandstone, having the direction 
S. 28° W.—which is toward the gap, following the course of the 
river. Mr. Hall also shows that the gravel deposits in and about 
the city of Philade!phia are glacial. Between Spruce and Walnut 
streets, west of Forty-fifth street, bowlders of Oneida conglomerate, 
Medina sandstone, and of other rocks, have been exposed to view 
which vary from one to twenty-five cubic feet in size, some of them 
glacier-scratched. He mentions also other localities of bowlders 
within the city limits—Proc. Amer. Phil. Soc., xiv (No. 95), pp. 
620 and 633, 1875. 

9. Wisconsin Geological Survey.—The Report on the Geological 
Survey of Wisconsin is ready for the press and awaits only the 
action of the legislature. A prospectus of its contents shows that 
it contains a large amount of valuable material. Prof. T. C. Cham- 
berlin, of Detroit, has been placed at the head of the Survey for 
the present year. 

10. Frequency of Earthquakes relatively to the age of the Moon. 
—Prof. Atexis Perrey continues his study of earthquakes, and 
has recently published in the Comptes Rendus a new statement 
as to the relation between the age of the moon and the frequency 
of earthquakes.* Dividing the period of a lunation into quarters, 
with the time of the syzigies, and quadratures as the centers of 
these quarters, he finds that the earthquakes are distributed as 
follows: 

* For a translation of a former paper by Prof. Perrey on this subject, see this 
Journal, II, xxxvii, 1. 

Am. Jour. Sc1.—THIRD Serigs, Vou. XI, No. 63.—Marcu, 1876. 
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Diff. in favor of 
Total. Syzigies. Quadratures. the syzigies. 
From 18438-1847 1604 850°48 753°52 96°96 
1848-1852 2049 1053°53 995°47 58°06 
1853-1857 3018 1534°13 1483°87 50°26 
1858-1862 3140 1602°99 1537°41 65°98 
1863-1867 2845 1463°42 1381°58 81°84 
1868-1872 4593 2333°48 2259°52 73°96 
1843-1872 17249 8838°03 8410°97 427°06 


The reported earthquakes between 1751 and 1843 are shown to 
conform to the same rule—that is, a large preponderance of earth- 
quakes about the syzigies. 

Professor Perrey also finds that of the reported earthquakes 
between the years 1843 and 1872, 3,290 occurred at the moon’s 
perigee and 3,015 at the apogee. 

11. Fossil Fishes of the Devonian of Tula, and Carboniferous 
limestone of Mjatschkowa, Russia ; by H. TRautscnotp (N. Mém. 
Soc. Imp. Nat. Moscou, xiii, 263, 277.)—The Devonian fish re- 
mains here described and figured include Hybodonts of the genus 
Cladodus,; Cestracionts of the genera Orodus, Helodus, Psammo- 
dus; also species of Ctenacanthus. The Carboniferous limestone 
has afforded the author the Illinois species, Cladodus lamnioides of 
Newberry and Worthen: species of Helodus, Psammodus, Poecilo- 
dus, Cochliodus, Orodus, Solenodus, Petalodus, Dactylodus, (one 
of Newberry and Worthen’s genera), and Polyrhizodus ; besides 
some fish-spines, of which one, Ostinaspis acuta, is Petrodus acutus 
N. and W. 

12. On the occurrence of native Zinc. (Letter to one of the 
Editors.)—Mr. W. D. Marks of Chattanooga, Tennessee, announces 
the occurrence of fragments of metallic zinc in the soil along the 
course of a vein intersecting the blue limestone of Sand Mountain, 
in the northeastern corner of Alabama. The circumstance is sup- 
posed to indicate that the metal came originally from the adjoining 
rock. Further than this, he states that pieces of metallic zinc have 
been picked up along a range of thirty miles, over the Racoon Mts. 
on the southern border of ‘Tennessee, Sand Mt., and the northern 
portions of Georgia and Alabama. The vein is now being explored, 
and Mr. Marks hopes to find the zinc in place. 

13. Brookite.—Exact measurements made by vom Rath upon an 
excellent crystal of brookite from Atliansk in the Urals show that 
the mineral from this locality at least is not monoclinic, but ortho- 
rhombic. E. 8. D. 

14. On the Serpentines of Zoblitz, Greifendorf and Waldheim; 
by J. Lemperc in Dorpat.—The chemical examination of the 
serpentines, from the above mentioned localities in Saxony, by 
Lemberg, has led to the conclusion that they have arisen from 
the alteration of rocks consisting originally of chrysolite, garnet 
and hornblende. An analogous conclusion has been reached by 
other investigators for similar occurrences. In the case in hand 
it is shown that the readily-decomposed chrysolite has been changed 
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for the most part into serpentine; the garnet into minerals of the 
chlorite group; while the hornblende has generally withstood 
alteration. The paper of Mr. Lemberg contains a considerable 
number of analyses showing the composition of the original min- 
erals, as well as of the products of decomposition.—( Zeitschrift d. 
Deutsch. geol. Gesellschaft, 1875, 531.) E. 8 D. 
15. Selwynite, Noumeite, Garnierite—Mr. G. H. F. Uxricn, 
in a letter dated Melbourne, Nov. 3d, 1875, states that the new 
species Selwynite, described by him, is not a homogeneous mineral. 
A microscopic examination shows it to consist of a felsite-like 
base, through which hydrous chromic oxide is disseminated, with 
occasionally a small octahedron of chromite. A similar method 
of examination has shown that the new nickel minerals (noumeite, 
garnierite), described by Professor Liversidge, are not homoge- 
neous. There is here a soapstone-like base, composed of hydrous 
silicate of magnesia through which either hydrous oxide of nickel, 
or hydrous silicate of nickel is densely distributed in small veins 
and roundish patches. Some of the ore gave an assay up to 
twenty per cent of nickel, and others as low as two per cent. 


16. Manual of Geology of J. D. Dana.—The following changes and corrections 
(besides some others merely typographical) have been made in the stereotype 
plates of the work since its first publication in 1874, and are needed by the copies 
of the earlier issues. 

Page xv, 17 1. from top, P. C. Carpenter for J. G. Cooper. Page 3, 8 1. fr. top, 
1-1,200,000 for 1-200,000. P. 82, fig. 61f has been inverted; and the same on p. 
546. P. 147,41. fr. foot,C. for F. P. 166, under fig., 4a Trenton for “4 Trenton.” 
P. 338, 2 1. fr. top, fig. 521, for “p. 521.” P. 344, in map, 9, 9, 9, for “8,” “8,” 
“8” and 8 for “9.” P. 345, 18 1. fr. top, east for “west.” P. 419, 41 fr. foot, 
southeast for ‘“‘ southwest.” P. 427, 31 and 41. fr. top, over two for “ three or 
four.” P. 538, paragraph beginning with “‘ The absence” has been changed so as 
to make it state that between the meridian of 100° in Dakota and the eastern 
boundary of Oregon and California the mean annual precipitation is not, with 
small exceptions about the higher mountains, over 16 inches. P. 675, 151. and 
141. fr, foot, former for “latter,” and latter for “former.” P. 699, 16 1. fr. foot, 
yards for “feet.” P. 743, 18 1. fr. top, along the strike for “transverse to the 
strike ;” and for the closing part of the paragraph has been substituted :—an 
effect due to compression by the pressure to which the rocks had been subjected 
and a consequent expanding in a transverse direction. P. 756. To the first para- 
graph has been added the remark [a suggestion to the author by Prof. Verrill] 
that the retaining of the warm Gulf Stream waters in the Atlantic would give the 
ocean a higher temperature than it now has, and that this higher temperature 
would be the occasion of an unusual amount of evaporation, and, therefore, of an 
extraordinary amount of precipitation and frequency of storms along the cold 
borders of the continent in the Glacial latitudes; so that the theory adopted for 
the origin of the cold of the Glacial period accounts for both the cold and the 
abundant precipitation. P. 589, Cetacean area removed from Cretaceous column. 

D. 


Til. Borany. 


1. Notes on Agave ; by Gro. Encetmann, M.D.—This is a 
modest title of a paper in the Transactions of the Academy of 
Science of St. Louis, Missouri, vol. iii, December, 1875. Sepa- 
rately issued it forms a pamphlet of 35 pages, 8vo. If we mis- 
take not it begins that volume; so that the pages of the pamphlet 


236 Scientific Intelligence. 


are those of the volume, as ought always to be the case, for con- 
venience and uniformity of reference. 

Dr. Engelmann deserves high praise and many thanks for taking 
in hand, one after the other, our difficult botanical subjects, con- 
centrating his attention upon them for a while, elucidating them to 
the full extent of his opportunity, and leaving them in such a 
state that they can be easily understood, or readily followed up 
as occasion serves, by ordinary observers and collectors. His 
latest essay of this sort was upon Yucca. Ue passes from that 
to the analogous American genus, Agave, the “ American Aloe,” 
first distinguished from the old-world Aloe genus by Linneus, 
who gave them the present name, Agave, “ because that word in- 
dicates something grand and admirable.” The headquarters of 
the genus are in Mexico, but a considerable number inhabit our 
southwestern borders, and one reaches well into the northern 
States. There are “ perhaps 100 species,”—possibly a high esti- 
mate, but the catalogues of cultivators give twice that number 
of names. Most of them are nearly unrepresentable in the her- 
barium, while in cultivation they seldom blossom. The century 
piant, A. Americana, may sometimes in our cool regions literally 
answer to its popular name: semi-centennial specimens at least 
are not uncommon. 

Dr. Engelmann first devotes a few important pages to the gen- 
eral structure and conformation of the trunk, foliage, inflorescence 
and fructification in the genus, and passes to a systematic arrange- 
ment and description of the N. American species as now known 
to him, and of a few extra-limital species upon which he is able to 
throw some light. They fall into three groups. 1. Singuliflore, 
with flowers in a simple spike, a single one to each bract. Our 
northern Agave Virginica is the familiar representative: there 
are also A. maculusu of Texas, and A. variegata from just over 
the border, both in cultivation. 2. Geminiflore, with a denser 
spike, a pair of flowers to each bract. Our species are arranged 
by obvious characters of the margin of the leaves, viz: with 
rough serrulate margins, A. falcata, n. sp.; with filamentose mar- 
gins, A. Schotti, n. sp.,and A. parviflora, Torr.; with aculeate- 
toothed margins, A. hetearcantha, Zucc. (which is Torrey’s A. 
Lechuquilla), and A, Utahensis, Engelm. 3. Paniculate, the typ- 
ical Agaves or Century-plants, with paniculate inflorescence. There 
is a division with tube of the perianth much shorter than its lobes. 
Under this A. Newberry?, n. sp., is marked by the insertion of the 
stamens on the base of the tube. The others, with stamens borne 
in the throat, are A. deserti, n. sp., A. Parryi, n. sp. (doubttully 
regarded by Dr. Torrey as a variety, latifolia, of A. Americana), 
and A. Antillarum Desc., with orange-yellow flowers, now eluci- 
dated from materials brought from San Domingo by Parry and 
Wright in 1871. The division with tube of the perianth shorter 
than its lobes, and bearing the stamens about its middle, contains 
a very striking species, 4. Shawii, from the southwestern corner 
of California, which, having broad and deep-green leaves with a 


| 
| 
| 
i 
| 
| | 
| | 
iti 
| 


Botany. 237 


brown horny margin, set off by the large light red-brown spines, 
is thought to be one of the finest of the genus for ornamental cul- 
tivation. It was discovered by Dr. Parry in 1850, but good 
specimens only now obtained, and it is appropriately dedicated to 
the founder of the Missouri Botanic Garden, from which much is 
confidently expected. Finally, there is a division known by the 
tube of the perianth equaling the lobes or hardly shorter, and 
bearing the stamens: to this belong A. rigida Miller, with the 
Yucatan doubtful variety, Sisalana, introduced nearly forty years 
ago into S. Florida by the unfortunate Dr. Perrine; A. Palmeri, 
n. sp., from 8. Arizona; and A. Wislizeni, n. sp. (which has had 
the utterly false name of A. scabra in Germany) in Northern 
Mexico. A reference to one or two very imperfectly known spe- 
cies is appended. Of A. Americana, there is a mere mention 
that it has a stipitate capsule. 

In all species, so far as known to Dr. Engelmann, the anthers 
discharge their pollen about forty-eight hours before the style 
matures and the stigma can receive pollen, After the expansion 
of the lobes of the latter, at least in A. Virginica, a viscid liquid 
fills the cavity of the apex of the style, “ whether stigmatic, or 
only intended to allure insects, has not been ascertained.” The 
figures which so commonly represent bursting anthers and a fully 
elongated style in the same blossom are probably factitious, as 
they certainly are in many otherwise excellent plates of various 
kinds of flowers. In conclusion, those who have the opportunity 
to examine species of Agave in flower are particularly requested 
to note at what hour of the day the anthers begin to shed their 
pollen, and at what time they become effete, and in what state 
the style is at these periods. The anthesis, so far as Dr. Engel- 
mann has observed, is vespertine or nocturnal, as well as proter- 
androus. The time and nature of the nectariferous secretion in 
the lower part of the flower should also be recorded. A. G. 

2. Structure of the Leaves of Grasses: Histotaxie des feuilles 
de Gramineés ; par J. Duvat-Jouve.—An elaborate article in 
Ann. Sci. Nat., tome i, of Ser. 6, 1875, with four admirable plates 
of anatomical details. It appears to be an excellent piece of work, 
upon an almost neglected subject. Many of the text-books still 
say of the leaves of grasses, and indeed of Monocotyledons gen- 
erally, that their veins or nerves are simple and unconnected b 
anastomosis; although what was meant must have been that the 
only anastomosis was by ultimate transverse veinlets. . Duval- 
Jouve cites a long list of grasses in which these are conspicuous ; 
and there are many in which the reticulating veinlets are of different 
orders. The stomata of grasses are in some confined to the lower 
surface of the leaf; in others divided between the two faces; in 
several they are restricted to the upper face, but in these the blade 
makes a turn or twist, so as for the most part to present this upper 
surface to the ground. Triticum junceum, Calamrogastis (Psam- 
ma) arenaria, and Gynerium argenteum (Pampas Grass) are cited 
asinstances. Many grasses have under the epidermis of their upper 


y 
j 


238 Scientific Intelligence. 


face, and sometimes of the lower also, rows or bands of large thin- 
walled cells, which our author names bulliform cells. These in 
their presence, absence, number, and arrangement, are uniform in 
each species, but often quite different in the same genus, so that 
they may be used for critical specitic characters ; and they are, 
moreover, connected invariably with the vernation of the leaf, and 
with the opening and closing (either by conduplication or convo- 
lution, according to the ver rnation of the species) which are so 
prompt in many grasses. That this movement takes place in virtue 
of the hygr ometric expansion of these cells under moisture and their 
contraction in dryness, was made plain by the behavior of sections 
of the leaf under the microscope, the closed conduplicate leaf of 
Sesleria opening instantly upon tbe application of a drop of water, 
when these cells in a band on each side of the midrib, before flat- 
tened or collapsed, became turgid and prominent. The leaves of 
Leersia vrvyzoides are described as rolling up instantly upon be- 
ing bruised or roughly handled, as if endowed with real irrita- 
bility. We trust some of our young botanists will look to this, next 
summer. 

The split sheath of the leaves is one of the diagnostic characters 
of the Graminew. Exceptions in Glyceria, &c., were familiar. M. 
Duval-Jouve states that about a fifth part of the species have entire 
sheaths. Also that various grasses bear two, three, and even four 
leaves on one node ! A. G 

8. Botryopteris Forensis, an interesting fossil fern, which occurs 
with fructification preserved in a silicified state in the rich de- 

osits of Autun and Saint Etienne, France, has recently been 
Investigated microscopically by B. Renault (Ann. Sci. Nat., 6 
ser., i, 1875). In one plate he has illustrated the anatomy of the 
stem; in four others its fructification, and the anatomy, develop- 
ing fructification, &c., of a Trichomanes, a Helminthostachys, and 
a Botrychium, for comparison. He concludes that in this fossil 
genus-we have a type intermediate between true Filices ra = 
Silicified fossil Fruits or Seeds, from the coal oy of St. 
the are discussed by Brongniart in a preceding volume of 
the Ann. Sci. Nat. (with figures), and classified by the form of 
their transverse section. They are thought to be gymnospermous. 
Among those with binary symmetry, Cardiocarpus in its affinity 
is thought to answer to Salisburia ; Rhabdocarpus, a new genus, 
to Torreya ; Diplotesta and Sarcotaxus (new genera), to Cephalo- 
taxus; Taxospermum and Leptocaryon to Taxus. Those of radi- 
ate symmetry of three, six, or eight divisions or a circular section, 
of various kinds, including 7rigonocarpus, are conjectured to be 
the fruit of Sigillaria, Calamodendron, and the like, which Brong- 
niart takes to be an extinct type of Gymnosperms. A. G. 

5. Respiration of Plants ; some "Reseurches by Mayer and 
WoLkorF : a paper in Ann. Sci. Nat., in the volume above cited ; 
apparently translated from a prior publication in German, to 
which there is no direct reference. That plants have a true res- 
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piration like that of animals, correlative with decomposition, is so 
well made out of late years, (and besides is understood to be inev- 
itable if the plant is to do any work), that it was hardly necessary to 
refer back to a work of Liebig fourteen years old, and even then a 
little antiquated, for an enunciation of the opposite doctrine. Then 
the process answering to respiration was overlooked or thought 
unessential, being overshadowed by the vaster, larger and more 
important counterpart process of assimilation. The researches of 
which the results are given in this paper were made to ascertain 
the relations between vegetable respiration, i. e., the expiration of 
carbonic acid, and light, temperature, growth, &c. The results, 
on the whole, were, that changes of temperature within normal 
limits were of little effect and transient when the change was sudden; 
that the influence of light, although generally appreciable, was fee- 
ble, and probably indirect. This action, as is well known, goes 
on both in light and darkness, but under the latter it is not masked 
by the assimilative process. Growth also proceeds indifferently 
under either, or, it would appear prefers darkness. But Mayer 
and Wolkoff conclude (contrary to some of their predecessors) 
that there is no direct relation between growth in length and 
respiration, so that one should in any sense serve as the measure 
of the other. A. G. 

6. Classification of Nostochinee.—Dr. Bornet, in a recent 
number of the Annales des Sciences Naturelles, has published a 
most useful key to the genera of the Vostoc tribe, which was drawn 
up by the lamented Thuret, shortly before his death. Although it 
was not intended for publication in its present state, it cannot but 
be useful. The appended enumeration mentions most of the species, 
with leading synonyms. A. G 

7. Gymocladus in China.—If M. Baillon is right in his identi- 
fication by means of pods and loose flowers, there is a second species 
of Gymocladus, our Kentucky Coffee-tree, indigenous to China, in 
the vicinity of Shanghai, where the gummy substance in the legume 
is used as a substitute for soap. This is an additional instance of a 
supposed monotypic genus of Atlantic North America being repre- 
sented in the corresponding part of N.E. Asia. Baillon’s notice of 
it is in Bull. Soc. Linn., Paris, Jan., 1875. A. G. 

8. Flora Brasiliensis, fase. 68, issued in March, 1875, has just 
come to hand. It contains the Amarantuceew, by Prof. M. Seu- 
bert of Carlsruhe, with 26 plates; and this fascicle completes vol. 
v, part 1. There are 13 Brazilian genera; of which much the 
largest is Gomphrena, with 66 species. The species figured 
which concern the North American flora are Alternanthera achy- 
rantha and Amarantus hypochondriacus. 

9. Das Haustorium der Loranthaceen und der Thallus der 
Rafflesiaceen und Balanophoreen ; von H. GraFen zu Sorms- 
Lausacu. Halle, 1875. 4to. The present paper is supplemen- 
tary to an article on the vegetative organs of phanerogamic 
parasites which appeared in Pringsheim’s Jahrbicher, Bd. vi. 
The writer divides his subject into three parts. The first is 
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devoted to a consideration of the modes of attachment of dif- 
ferent species of Loranthacee to the foster plant. This is accom- 
plished by the growth inward of suckers (Saugfortstitze) which 
penetrate through the bark to the wood. The shape which any 
sucker assumes depends on the relative activity of the growth of 
the sucker itself and of the cambium. In some cases, as Lor- 
anthus Europeus and L, Sternbergianus, the sucker sends out 
ge which penetrate into the wood itself. The writer con- 

rms the suggestion made by John Scott that the vascular bundles 
of the parasites communicate with those of the plants on which 
they are growing. 

Part II is devoted to the vegetative organs of the Rafflesiacee, 
which had previously been studied only in Pilostyles Hauss- 
knechtit Boiss. and Cytinus Hypocistus L. The writer gives the 
results of his examinations of Pilostyles 4thiopica Hook., P. Blan- 
chetit Gardn., and P. Caulotreti Karst., which closely resemble 
one another. The vegetable organs of these species consists of 
threads or, at times, flat expansions which are found in the last 
and from which suckers are given off which penetrate into the 
wood. The name given to the thread-like expansions is thallus, 
from its resemblance to the structures of the same name in crypto- 

ams. The flower buds are produced as adventitious offshoots 

om the threads of the thallus, and finally burst through the bark 
of the foster-plant. Pilostyles Thurberi A. Gray, a plant of our own 
country which is parasitic on species of Dalea, differs somewhat 
from other species of the genus. Its thallus, which is found in the 
inner bark, is not composed of threads but of flat expansions of 
considerable size. They are at first destitute of vessels, which, 
however, make their appearance about the time of the formation 
of the flower buds. Part III is devoted to the vegetative organs 
of the Balanophoree, and the writer concludes as follows: “It is 
the object of the present essay to call attention to the fundamental 
uniformity of the development and conformation of the assimilat- 
ing organs of the phanerogamic parasites. This object has been 
attained if we have been successful in showing that they all have 
a@ common characteristic in the absence of any sort of differentia- 
tion of organs of vegetation such as we find in the Cormophytes, 
that their organs can be neither roots nor stems, but that we are 
compelled to recognize them as thalline structures equivalent and 
completely analogous to those of the Thallophytes. This would 
have pleased Lindley, as indicating a structural foundation for his 
class of Rhizogens. W. G. F. 

10. Zhe Movements and Habits of Climbing Plants ; by 
Crarzes Darwin, M.A, F.R.S,, etc. 2d ed., revised, with illus- 
trations. 208 pp. 8vo.—This work by Darwin. noticed at page 
69 of this volume, has recently been republished by D. Appleton 
& Co., New York. 
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IV. ASTRONOMY. 


1. A series of Astronomical Drawings for the Centennial 
Exhibition.—A unique feature of the Centennial exhibition will be 
a series of thirty-six Astronomical drawings of interesting celes- 
tial objects, executed in pastel by L. Trouvelot, the artist who 
produced the series of Astronomical engravings undertaken by 
Professor Winlock at Harvard College Observatory. The pictures 
vary in size between eighteen by twenty-two inches, and twenty- 
three and one-half by twenty-eight and one-half inches, exclusive 
of the frames. The following have already been completed, viz: 
Nebula in Orion, Nebula in Andromeda, Horse-Shoe Nebula, 
Winged Nebula, Trifid Nebula, Ring Nebula, Dumb-Bell Nebula, 
Cluster in Hercules, Coggia’s Comet, the planets, Mars, Jupiter 
and Saturn, Sun-Spots in full activity, Solar Protuberance erup- 
tive form, Solar Surface with Chromosphere, Protuberances and 
Corona, Aurora Borealis, Group of Sun-Spots with bridges, 
Milky Way in two parts, Zodiacal Light, Shower of Shooting 
Stars, and Tempel’s Nebula in the Pleiades. The original sketches 
have been for the most part made with an excellent refractor, of 
six and one-half inches aperture, mounted in Mr. Trouvelot’s Phy- 
sical Observatory at Cambridge. Their production has been a 
work of immense labor. From fifteen to twenty-five nights have 
been spent in the study of each nebula. The sketch of Tempel’s 
Nebula in the Pleiades is the result of sixty-five hours’ study. In 
the drawings of the Milky Way, the stars are plotted with consid- 
erable accuracy. Over a year was spent in the preparation of 
these two sketches. Of the sun-spots, protuberances, auroras and 
the zodiacal light, the most typical forms have been represented. 
In the shower of falling stars, every one represented was observed 
on the night of Nov. 13, 1869. It is Mr. Trouvelot’s design to 
make these drawings available at the close of the exhibition, in 
producing a series of Astronomical Charts for educational purposes. 

Ww. A. R. 

2. Our Place among Infinities; by Ricnarp A. Procror. 
324 pp. Svo. New York, 1876. (D. Appleton & Co.)—This 
work consists of “A series of essays contrasting our little abode in 
space and time with the infinities around us,” with also “ Essays 
on the Jewish Sabbath and on Astrology.” Mr. Proctor aims, in 
his various works, to put science, especially astronomical science, in 
an attractive form for the general reader. In presenting his sub- 
jects he does not always make it clear as to what are speculations 
and what known facts; but he is dealing with the marvellous, and 
this method in his hands makes things the more marvellous. His 
range of knowledge is considerable, and his style perspicuous and 
forcible. Astronomers would not accept of all his conclusions, 
neither would geologists, and probably not biblical critics. After 
perusing his note on the origin of crater-cavities on the moon’s 
surface by the blows of meteorites, or the passage (p. 84) in which 
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he describes the encounter and destruction of a comet by a 
meteoroid stream, the reader will probably be led to question his 
judgment on other topics. 


V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Mt. St. Hlias.—In a notice of Mr. W. H. Dall’s paper on Mt. 
St. Elias (from the Coast Survey Report for 1875) on pp. 77 and 
78 of this volume, the remark is made that the views are evidently 
vertically exaggerated. The author has informed us that the pro- 
sae tions of the mountains are rightly given, from determinations 

y instruments. The view of Mt. St. Elias was taken from Yakutat 
Bay (Port Mulgrave), 53 [nautical ?] miles to the southeast. The 
southern face of the ewkan from a line about 5,000 feet above 
its base, is “ an immense rock-face, inclined at an angle of 45° to 
the sea, and rising 8,000 to 10,000 feet without a break in its con- 
tinuity.” “The apex is pyramidal, sharp and clearly cut, leading 
to the inference that it is precipitous on the invisible northern side. 
The whole of the rock-face is marked by straight rigid lines of 
bedding, which are inclined uniformly to the eastward at an angle 
of about ten degrees.” Mr. Dall concludes from its features and 
this appearance of stratification, that the mountain is not volcanic 
but, consists, with the high range to which it belongs, mainly of 
non-voleanic crystalline rocks. 

The height of Mt. St. Elias was determined trigonometrically by 
measurements from four stations, that at Port Mulgrave, 69 miles 
distant from Mt. St. Elias, and the others (off Lituya Bay, off Dry 
Bay, and at sea to the south-southwest) over 100 miles distant. 
The following are the angles of altitude from each station, and the 
calculated height : 


1. From Port Mulgrave, 69°11 miles distant, = 38' 1” 19,464 feet. 
2. Off Lituya Bay, 16762 9’ 18,033 
3. Off Dry Bay, 13225 0° 50’ 19,956 “ 
4. At Sea, 127°25 0° 47734" 18,350 “ 


It is time that the geology and altitude of Mt. St. Elias were 

determined by observations made on the mountain itself. 
J. D. Dz 

2. Harbors of Alaska and the Tides and Currents in their 
vicinity ; by W. H. Datt, Assist. U.S. Coast Survey. From the 
Coast Survey Report for 1875; Appendix No. 10. Report of 
Geographical and Hydrographical Explorations on the Voast of 
Alaska ; by W. H. Dat. Ibid; Appendix No. 11.—The first of 
these papers contains new facts on the tides, currents, ocean and 
land temperatures, hydrography, topography and other charac- 
teristics of the vicinity of Alaska and some of the Aleutian Islands. 
The Shumagin Islands, south of the extremity of the Alaska Penin- 
sula, are described as “composed of granite, various metamorphic 
rocks and sandstones, overlaid by Tertiary beds, “of which the 
upper beds contain fossiliferous layers of Miocene age, the lower 
ones containing remains of warm temperate vegetation, and the 
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uppermost remains of marine animals, including mollusks and 
cetaceans.” There are also recent lavas. 

The second paper contains, besides geographical and hydro- 
graphical observations, tables of magnetic declinations at positions 
among the Aleutian Islands, according to different observers, in- 
cluding new results obtained by the Coast Survey. From them it 
appears that there is a decrease of the easterly variation at the 
stations where observations have been taken, when the results 
are compared with those heretofore published. The following are 
some of the results obtained : 


At Amchitka Island, Constantine Harbor, 51° 23’ 32-9 N., 179° 127 1272 E., 
variation 7° 15’ 33” E. 

At Chichagoff Harbor, Attu Island, 52° 55’ 57"23 N., 173° 12’ 22’72 E., varia- 
tion 7° 44” 36” E. 

At Kyska Island, 51° 58’ 5911 N., 177° 29’ 46’'-3 E., variation 11° 06’ 27” E. 

At Adaka Island, Bay of Islands, 51° 49’ 15"°6 N., 176° 51’ 58"°2 W., variation 
13° 52” 03” E. 

At Unalaska Island, Tliuliuk village, 53° 52’ 37/7 N., 166° 31’ 36” W., varia- 
tion 18° 59” 44” E. 

At Shumagin Island, Popoff Straits, 55° 19’ 16’7 N., 160° 31” 141 W., varia- 
tion 20° 29° 23/77 E. 


3. Memoirs of the Peabody Acadeny of Science, Vol. I, No. 4. 
94 pp. Roy. 8vo, with plates. Salem, Mass., Dec. 1875. — This fourth 
number of the “ Memoirs” is occupied with a paper by the late 
Dr. Jerrrizs Wyman, on the Fresh-water Shell Mounds of the St. 
John’s River, Florida.—The facts published by Dr. Wyman in for- 
mer articles are here brought together along with the results of 
new observations by him, and they are presented with the usual 
thorough and cautious method of the author. The mounds are often 
five or six hundred feet in length, and vary from a few feet to 
eighteen or twenty in height. Dr. Wyman, after a full description 
of them, states as his conclusions, that, at the least, two or three 
hundred years, and probably more, have passed since they were 
finished ; that the fact that the human bones are broken in the same 
manner as the bones of edible animals proves the makers to have 

robably been cannibals ; that fragments of pottery, while common 
in the later mounds, are not found in the older; that stone imple- 
ments are few in the older mounds and rudely made; that the shell 
heaps contain fragments of the Mastodon, Elephant, Horse, Ox, 
and some other extinct animals, but that these show by the changes 
they have undergone, that the animals were not cotemporaries of 
the mound-builders ; that the only skull found differs from the skulls 
of the Indian burial mounds of the country, in being longer, with 
the ridges and processes more pronounced, and that among the 
bones of two other individuals the tibia was flattened ; that, while 
it is uncertain whether the makers of the mounds were the same 
people that were found there by the Spaniards and French, the 
absence of pipes and pottery, and the rarity of ornaments, are 
consistent with the conclusion that they were a different people. 

4. Annual Report of the Chief of Engineers to the Secretary 
of War for the year 1875. Part I, 990 pp. 8vo. Part IT, 1254 
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pp. ; each with many maps and illustrations.—The Annual Report 
of the Engineering Department is of high importance in a scien- 
tific point of view. Besides details as to work done in the improve- 
ments of harbors and rivers, and discussions of the methods of 
carrying on such improvements, it contains a great amount of 
new intormation, on the geography, resources and trades of the 
regions examined, results of hydraulic investigations, discussions 
of the modes of wear, transportation and deposition by rivers, 
the topography, and on the productions and resources of the 
territories, besides facts and views on other topics. 

Among the articles in the Report for 1875, the following are 
especially noteworthy: Major Warren’s Report on the Minnesota 
River, which is both historical, descriptive and geological, and 
contains a map showing the Mississippi when Lake Winnipeg 
was its head (this Journ., ix, p. 313) ; Commissioner H. J., Abbot’s 
analysis of the Mississippi floods; Gen. T. G. Ellis’s Report on 
the Connecticut River, in which the amount of discharge of the 
river at Hartford is given for each day, from Feb. 1, 1871, to Dee. 
31, 1874, and, as an incidental result, the parabolic form of the 
curve of subsurface velocities in a river, as made known by Hum- 
phreys and Abbot (in their Report on the Physics and Hydraulics 
of the Mississippi), is fully confirmed by observations at Thomp- 
sonville; Col. Gilmore’s Report on the compressive strength and 
specific gravity of the building stones in the United States in 
most general use; Report of Clarence King with reference to the 

eological exploration of the 40th parallel; Report of Lieut. G. 
{. Wheeler, on geographical explorations and surveys west of 
the 100th meridian, noticed beyond; and Col. Ludlow’s Report on 
the expedition to the Black Hills, already noticed in this Journal. 

5. Annual Report upon the Geographical Explorations and 
Surveys west of the 100th Meridian ; by Grorce M. WHEELER, 
Ist Lieut. of Engineers U. 8S. A. 196 pp. 8vo. Washington, 
1875.—This report is included in the Annual Report of the Chief 
of Engineers for 1875, as above mentioned. Besides the Report 
on the Geographical, Geodetic, Hypsometrical, Astronomical and 
Meteorological work of the survey, this volume contains the fol- 
lowing: a discussion on Aneroid barometers; a Report on the 
Geology of part of northwestern New Mexico examined in 1874, 
by E. D. Cope, containing, besides geological observations, descrip- 
tions of fossil vertebrates of the Santa Fé Marls, on the Zjpothoraz 
coccinarum Cope, from beds supposed to be Triassic (already no- 
ticed in this Journal, IIT, vol. x, p. 153), on the Eocene plateau, and 
a list of fossil vertebrates from beds of the horizon of the Green 
River horizon; Geological and Mineralogical Report, by O. Loew, 
on portions of Colorado and New Mexico; Preliminary Botanical 
Report, by Dr. J. T. Rothrock; Report upon the Agricultural 
resources of northern New Mexico and southern Colorado, by Dr. 
O. Loew, in which several analyses of soils, plants, etc., are given ; 
= itinerary by Surgeon H. C. Yarrow; Ornithological notes, 

y H. W. Henshaw, and also by Mr. C. E. Aiken; Report on the 
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Remains of population observed on and near the Eocene plateau 
of northwestern New Mexico, by E. D. Cope, illustrated by a 
number of wood-cuts giving "cx of structures ; a report on the 
ruins of New Mexico, by O. Loew, and also another, by Lieut. R. 
Birnie, Jr.; on the Pueblo Languages of New Mexico, and of the 
Moguis of Arizona, by A. S. Gatschet. 

Dr. Loew’s papers contain analyses of the basalt of Abiquin, of 
a zeolite, of garnets from the region of the “ memorable diamond 
excitement,” chrysolite, the green feldspar of Pike’s Peak, soils and 
grasses. 

6. Geological Survey of the Territories, under the Interior De- 
partment, Dr. F. V. Hayprn in charge.—(1.) New Publications 
to be issued during the year 1876. ‘The following publications 
connected with the U. 8. Geological Survey of the Territories 
under the direction of Prof. F. V. Hayden, are in press, and will 
be issued during the year 1876: 1. The Invertebrate Paleontolog 
of the Western Territories, by F. B. Mexx, making Volume ik 
of the quarto series. It will contain 600 pages of text and 45 
plates; over 500 pages are already printed. 2. The Fossil Flora 
of the Lignitic Group, by Leo LesquErEvx, making Volume VII 
of the quarto series. It is illustrated by 65 plates. 3. Monograph 
of the North American Rodentia, by Messrs. Cours and ALLEN, 
to constitute Volume X of the quarto series, and to contain nume- 
rous plates. 4. Monograph of the Geometrical Moths, by Dr. A. 
S. Packarp, to constitute Volume XI of the quarto series. It will 
be illustrated by 13 plates, some of which contain from 75 to 100 
figures. 5. Ethnography and Philology of the Hidatsa Indians, 
by Dr. Wasuineton Matuews, U.S. A. This volume is now 
passing through the press, and will prove one of great interest ; 
it will contain about 500 octavo pages. 6. Annual Report of the 
U. S. Geological Survey for 1874, in octavo, now in the press. 
7. The Annual Report of the Survey for 1875, which will go to 
press about May Ist. 8. Bulletin of the Survey for 1876, Volume 
II. This volume will be issued in numbers, and will comprise 
about 200 pages of text, with 30 octavo plates. The ancient re- 
mains of Southern Colorado, Utah and Arizona will be described 
by Messrs. Holmes and Jackson. It will also contain an impor- 
tant paper on the ancient skulls, with numerous illustrations. 
Other volumes are in process of preparation, and may be printed 
before the end of the year. 

(2.) Descriptive Catalogue of the Photographs, W. H. Jackson, 
Photographer. The Catalogue of photographs of the Survey is 
enlarged in this edition by a list of those taken during the past 
year. These include three series: one, of the very unusual size 
of twenty by twenty-four inches ; another, measuring five by eight 
inches; and a third, stereoscopic. The first, as we know from an 
examination of them, are of unusual beauty and perfection—the 
largest and grandest the Rocky Mountain region has yet afforded. 
Those of the second series, fifty-six in number, include many views 
of the ancient stone cliff ruins and cave towns of the San Juan 
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region, besides others of the Moquis adobe villages, and many 
landscapes; and all are admirable specimens of the photographic 
art. The country owes much to the Survey under Dr. Hayden 
for the knowledge of the Rocky Mountain territories which has 
been distributed through the country by means of its numerous 
and excellent photographs, as well as through its Reports. 

(3.) Models. To the Survey, the science of the country is in- 
debted also for a model in plaster of the Elk Mountains. It is 
made on a scale of 1 inch to a mile, aud corresponds to an area of 
200 square miles. One copy is to be colored to show the actual 
features of the region, and thus to exhibit its geological structure. 
The model has been prepared by the artist, W. H. Holmes. The 
same artist has executed a model of one of the two-story cliff 
houses of the San Juan Region, and another of a ruined village in 
southwestern Colorado. ‘The cliff in the former has a height above 
the house of 200 feet vertically. (See Bulletin, 2nd Ser., No. 1, 

. 20.) A model of a cliff house in Arizona has been made by the 

hotographer of the Expedition, Mr. W. H. Jackson, on a scale of 
six feet to an inch. The model is colored so as to represent 
exactly the appearance of the ruins. Still other models are in 
course of preparation. We learn that copies of these models will 
be furnished at cost to institutions desiring them. 

7. Specific gravity Balance of R. Parish.—A_ balance, con- 
structed on the same principle with that brought out by Mr. 
Parish, of Worcester, Mass., in the number of this Journal for last 
November, has been described and figured by President F. A. P. 
Barnard, in the second volume of Johnson’s * New Universal Cy- 
clopedia,” published two or three months since in New York. It 
appears also that its author presented a paper on the instrument 
to the National Academy in November, 1874. 

A charge of plagiarism on the part of Mr. Parish has been 
thrown out. The editors of this Journal deem it a duty to say 
that they know the charge to be without foundation. The paper 
presented to the National Academy has never been published, 
and even the editors knew nothing of it. Mr. Parish communicated 
with them on the subject of his balance first in February, 1875, 
more than a year since; and Prof. Thompson of the Institute of 
Industrial Science at Worcester has recently published the state- 
ment that Mr. Parish showed him a model of his balance in 
October, 1874, or before the time of the meeting of the National 
Academy above referred to. Moreover, Mr. Parish’s paper in this 
Journal was in our hands a month before the publication of the 
2nd volume of Johnson’s Cyclopedia. 

8. Bulletin of the Bussey Institution, Harvard University, 
Jamaica Plain. Part iv, pp. 285-372. 1875.—This fourth part 
of the Bussey Institution Bulletin contains the following papers: 
Applied Zoology; the importance of its study to the practical 
agriculturist, by D. D. Stapz, M.D.; Report of the Director of 
the Arnold Arboretum, presented to the President and Fellows of 
Harvard University ; A record of trials of various fertilizers upon 
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the plain-field of the Bussey Institution, results obtained in 1874, 
by F. H. Srorer; the potato-rot, by W. G. Furtow; A report 
on some Analyses of salt marsh hay and of bog hay, by F. H. 
SrorreR; On the fodder value of Apples, by F. H. Storer. 

In his memoir upon the composition of hay prepared from the 
natural grasses of the salt marshes on the seaboard, and of the 
fresh-water marshes, or “ meadows,” in the interior, Prof. Storer 
gives the following analyses : 


Name of the Hay. 


C and CO,) 
Albuminoids. 
Carbohydrates, 

including fat. 
Dry Organic 

Matter 
soluble in Ether. 


Ash (free from 
Cellulose. 


ro Fat, i.e., Matters 


Better kinds of Salt Hay from 
brackish marshes, 
Black Grass Hay (Juncus bul- 


32°71 | 84°71 


= 
or 
w 
co 


46°15 33°16 | 86°10 


| 


46°67 33°31) 84°60 
The coarse Salt-Marsh Grass 
(Spartina stricta), 39°18 29°39 | 73-67 


Bog Hay (Carex stricta) care- | 


fully cut and cured in June, 17° 42°61 33°75 | 86°26 


45°99 33°42 | 86°29 


Bog Hay (Carex stricta ?), taken 
from barns, 

Dead Bog Hay collected in a 
field in December (Carex 
stricta ?), 442 4°63 41°64 39°99 | 86-26 

Common Rush (Juncus effusus) | 
(taken from a barn), 688 2°63 675 42°26 41°48 90°49 


Flowering Fern (Osmunda re- 
galis) (taken from a barn),.. 823 6°73 7°38 52°07 25°59)| 85-04 2°97 
Buttercups (R. acris), 8:24 65°21 10°66 45°19 30°70| 86°55 3-64 


White Weed (Leucanthemum 
vulgare), cut in flower, 10°87 644 17:00 44°69 31°00/ 82°69 2°42 


Beach-pea Vines (Lathyrus ma- 

ritimus), 738 18-70 37°53 28°79| 85-01 4:32 

In conclusion, Prof. Storer discusses the economical value of 
rough, low grade hays as compared with the “English” or upland 
hays. 

4 American Museum, Central Park, New York.—This Mu- 
seum is rapidly becoming one of the first of the country in scien- 
tific value. ith Prof. Hall’s collection of fossils, and the addition 
soon expected ofa suite of Barrande’s Bohemian species, it will take 
the lead of all as regards Paleozoic paleontology. The Museum 
has also very large collections of birds, including the collections of 
Prince Maximilian of Neuwied and extensive selections from those 
of M. Verneaux of Paris, and others of shells, insects, etc. The 
city of New York appropriated $500,000 for a building, and part 
of itis now completed. Already the persons visiting the Museum 
occasionally number over 10,000 ina day. The Museum is under 
the general charge of Professor Bickmore, a former student of Pro- 
fessor Agassiz. 


Rush Salt Grass (mean of two 
1°76 
2°35 
2.17 
2°46 
0°74 
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10. Summer Schools of Zoology and Geology at Cornell Uni- 
versity.—These schools will commence soon after July 7th, and 
be continued for six weeks. In the Zoological department there 
will be instruction through lectures and laboratory work, by Prof. 
W. S. Barnarp, in Mollusks, Radiates, Worms and Protozoans; 
by Mr. J. H. Comsrock,in Insects and Crustaceans ; by Prof. B. 
G. W1LDeR, in vertebrates, excluding Birds; by Dr. E. Covzs, in 
Birds. Specimens, living or in alcohol, will be furnished the stu- 
dents for study, including “two specimens of Amphioxus, one fer 
dissection and the other for preservation.” Prof. Wilder will give 
information concerning the school to those desiring it. The Geo- 
logical School is under Prof. T. 5. Comstock. Instruction will be 

iven by lectures, study of specimens, and by field excursions. 
‘ee for each school, $30.00; $10.00 of it to be paid in April, or 
on the day of registration, and the rest in July, when the school 
opens. 

ll. Annuaire De La Officina Central Meteorologica De Santi- 
ago De Chile, 1873.—The third and fourth year of the Annuaire 
ot the Central Meteorological Office in Chili gives in detail the 
observations made at 13 stations during 1871 and 1872; as also an 
appendix in which is found a very excellent monograph on the 
earthquake of the 7th of July, 1873, by J. I. Vergara. The preface 
to the volume, which extends through 280 pages, gives very complete 
catalogues of earthquakes since 1849, and reviews of the meteor- 
ological conditions as shown by monthly and annual means during 
1870, 1871 and 1872, The whole constitutes an important addition 
to our scanty knowledge of the meteorology of that section of the 
world; and it is to be hoped that Vergara will soon be able to ex- 
tend the duties of the Meteorological Office, so as to add, to these 
climatological studies, those other special investigations into atmos- 
pheric phenomena, which the peculiar nature of the territory of 
Chili especially invites. C. A. 

Statement and Exposition of Certain Harmonies of the Solar System; by 
Stephen Alexander, LL.D., Professor of Astronomy, College of New Jersey. 
Smithsonian Contributions to Knowledge, No. 280. 96 pp. 4to. Washington, 
D. C., March, 1875.—Professor Alexander’s Memoir does not admit of an abstract, 
and we therefore announce it only, referring to it for his arguments and conclu- 
s10ns. 

Half-Hour Recreations in Natural History of Estes and Laureat, Boston. Half- 
Hours with Insects, by A. 8. Packard, Jr. Part 8. pp. 225-256, 1875. 

Half-Hour Recreations in Popular Science of Estes and Laureat. No. 16, the 
Ice age in Britain, by Prof. Geikie, and Causes of the degeneracy of Teeth, by 
Prof. H. 8S. Chase. pp. 105-136. 1875. 

Forster, E. Geschichte der Italienischen Kunst. Vierter Band. 8vo, pp. 525. 
Leipzig, 1875. P.O. Weigel. 

Wessely, J. E. Anleitung zur Kenntniss und zum Sammeln der Werke des 
Kunstdruckes. Mit zwei Tafeln Monogramme. 8vo, pp. viii, 338. Leipzig, 1875. 
P. O. Weigel. 

Emile Kopp.—For the biographical notice of Prof. Kopp, on p. 80, this Journal 
is indebted to Dr. F. H. Storer. 

OBITUARY. 


GrorcEe Povutertr Scropz, the eminent author of works and 
memoirs on volcanoes, died on the 18th of January, at his resi- 
dence near Cobhan, Surrey, at the age of 79 years. 
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APPENDIX. 


Art. XXX.—Principal Characters of the Tillodontia; by O. C. 
MarsH. (With two plates.) 


THE Eocene deposits of North America have yielded two 
new orders of extinct mammals, the Dinocerata, and the Tillo- 
dontia, both of great interest, and widely different from all 
known groups, as well as from each other. The latter order, 
recently established by the writer,* is comparatively little 
known, as the animals representing it are of moderate size, and 
but few of their remains have yet been discovered. The typ- 
ical genus of this order is Tillotherium, the more important 
characters of which can now be readily determined from speci- 
mens in the Yale Museum. This genus, therefore, will be 
mainly used in the present article to illustrate the order. 


Tillotherium Marsh, 1873.+ 


The skull in this genus resembles in its general form that of 
Ursus. It is of moderate length, much elevated in the frontal 
region, and with the zygomatic arches widely expanded. 
(Plate VIII.) The posterior portion of the cranium is de- 
pressed, and much constricted behind the fronto-parietal suture. 
The temporal fosse are large, and separated by an obtuse 
sagittal crest. There is no postorbital process. The frontal 
bones are large, and inflated with air cavities. The nasals are 
elongate, broad posteriorly, and narrow in front, where they 
unite with the premaxillaries. The latter are massive, and pro- 
ject forward beyond the nasals. They are united only by a 
slender bridge of bone, below the anterior narial aperture. 

The orbit is confluent with the temporal fossa, which is 
largely formed below by the squamosal. The latter sends out- 
ward and forward a strong zygomatic process, and, downward, 
a short, obtuse, post-glenoid tubercle, which bounds in front the 
external auditory meatus. This opening is bounded behind by 
the posttympanic process of the squamosal, which unites di- 
rectly with the paroccipital. The tympanic portion of the 

eriotic does not reach the external surface. The articular face 
or the condyle of the lower jaw is but very slightly concave. 
(Plate IX.) The malar bone is slender, and forms the anterior 
* This Journal, vol ix, p. 221, March, 1875. + Vol. v, p. 485. 
Am. Jour. Sct.—THIRD Series, VoL. XI, No. 62.--Marcu, 1876 
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portion of the zygomatic arch. The lachrymal is of moderate 
size, and is perforated by its foramen in front of the anterior 
border of the orbit. The infra-orbital foramen is large. 

The palate is broad behind, narrow in front, and somewhat 
excavated. The anterior palatine foramina are confluent, and 
are enclosed between the premaxillaries and maxillaries. The 
posterior palatine foramina are in the latter bones, near the first 
premolars. The posterior nares are behind the last upper 
molars. The occipital condyles are small, and sessile. ‘The 
exoccipitals are perforated by a condylar foramen of moderate 
size. There is no auditory bulla, but in its place, an irregular 
opening, partially occupied by the periotic. There was a dis- 
tinct alisphenoid canal. 

The brain cavity in TZillotherium is small, but proportionally 
larger than in Dinoceras.* The size of the brain compared 
with the entire skull is shown in the accompanying cut, fig. 1. 

1. 


Figure 1. Outline of skull and brain cavity of Tillotherium fodiens Marsh. Top 
view. One-fourth natural size. 

As in most, if not all, Eocene mammals, the cerebral hemis- 
spheres were small, and did not extend over the cerebellum or 
olfactory lobes. The latter were large, and projected well for- 
ward. The hemispheres were evidently more or less convo- 
luted. There was no distinct tentorial ridge. The cerebellar 
fossa is large, much expanded transversely, and elevated above 
the cerebral cavity. There is a shallow pituitary fossa, and no 
clinoid processes. The exit for the optic nerve is quite large. 

The adult dentition of Tillotherium is represented by the fol- 
lowing formula: 


2 1 3 3 
Incisors —. canines —; premolars —; molars —. 
2°? 1 2 3 


* This Journal, vol. ix, p. 165, Feb., 1876. 
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The two anterior upper incisors are large and scalpriform, 
and faced in front with enamel. They grew from persistent 

ulps, and strongly resemble the corresponding teeth in Rodents. 
(Plate IX, figure 1.) The upper canines were quite small, and 
separated by a diastema from the first premolar. In the upper 
true molars, the fore and aft diameter is much less than the 
transverse, and the crowns are very short. The form of these 
teeth is well shown in Plate [X, figure 4, which represents a 
nearly unworn last upper molar, natural size. 

The lower jaw in Ttllotherium is elongate and massive, and 
the symphysis is completely ossified. The condyle is broad, 
convex transversely, and raised above the line of the teeth. 
The coronoid process is stout, and of moderate height. The 
angle is thin, and not inflected. The anterior incisors are large 
and scalpriform, and faced in front with enamel. The canine 
was quite small. The lower molar series is of the Paleotherium 
type, and the last lower molar has a well developed third lobe. 

The vertebrae of Tillotherium resemble those of some car- 
nivores. The cervicals are short, and the ends of the centra 
nearly flat. The dorsals are of moderate length, and also 
amphiplatyan. The lumbars are quite large. The humerus is 
stout, and broad transversely at the distal end, which hasa 
supra-condylar foramen. ‘The radius and ulna are separate, 
and of nearly equal size. The radius is short, and both ends 
are expanded transversely, indicating but little rotation. The 
scaphoid and lunar bones are distinct,* and the pisiform is 
large and stout. The feet were plantigrade. There were five 
digits in the manus, the first being well developed. The meta- 
pe gi are short, and the terminal phalanges long, compressed 
and pointed, somewhat similar to those in the Bears. (Plate 
IX, figure 3.) The femur is of moderate length, and its head 
has a pit for the round ligament. There is a well marked third 
trochanter. The distal end of the femur is compressed in a 
fore and aft direction. The tibia and fibula are distinct, and 
the latter is curved and slender. The calcaneum is elongate, 
and the astragalus, depressed, with only a slight superior 
groove. The hind feet were plantigrade, and the five digits 
were similar to those of the manus. 

The remains of this genus at present known are from the 
Eocene of Wyoming. The specimens preserved indicate ani- 
mals from one-half to two-thirds the size of a tapir. 

Yale College, New Haven, Feb. 18, 1876. 

* The scaphoid and lunar bones have not yet been found united in any Eocene 
mammal. 
[To be continued. ] 


EXPLANATION OF PLATES. 


Plate VIlI—Tillotherium fodiens Marsh. Figure 1, side view of skull; figure 2, 
lower jaw, side view; figure 3, top view of skull. All one-half nat- 
ural size. 

Plate [X—Figure 1. Tillotheriwm fodiens Marsh. Front view of skull: One-half 
natural size; figure 2, bottom view of same skull, one-half natural 
size ; figure 3, ungual phalanx of same specimen; a, front view; 8, 


side view; natural size. Figure 4, last upper molar of Tillotherium 
latidens Marsh, natural size. Figure 5, lower molar of Anchippodus 
minor Marsh. (Trogosus castoridens Leidy) natural size. 
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